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ABSTRACT 

This book presents the proceedings of a 1976 
Interuniversity Communications* Council (EDUCOH) conference focusing 
on the successful application of computer networking to education an^ 
research in North American universities. Thirty*tvo papers share the 
common theme of the need for management and planningi^ user services' 
and sjipport, and facilitating ot^ganizations. Topics include: (1) 
Issues in computer networking, with emphasis on political, legal, 
technological, and marketing problems; (2) applications of computer 
networking to library use and -administration, -as well as to education 
and research in the health, physical, and chemical ^sciences; and (3) 
practical aspects of administering computer networks. A directory of 
participants is included in the a^^endices. (Author/KP) 
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PREFACE 



Computec Networking in the 
University — Success and 
Potential' 



During the past five years, advances ir» computer and communica- 
tions technologies have made possible tht rapid growth of the use of 
competing services provided ' through networks. Recognizing this 
growth, the Fall 1976 EDUCOM Conference focused on achievements 
in networking in four areas of higher education: library services, health* 
sciences, physical and chemical sciences, and the administration of* 
computing services. » ^ 

The n^twork^ng successes described at the conference highlight 
opportunities for cost reduction and sharing of unique data and 
computing r^ources. Even more important, howwer, iscthe evidence 
of wholly new types of intellectual cooperation— ranging from coHabor- 
ation on a journal manuscript Jn ophthalpriology by five au.thors, X6 
' sequential processingyjf chemical data by researchers at five computing . 
centers having different capabilities. The. introductionx to this volume 
gives a more complete description of papers included in the 
Proceedings. 

Structuring the conference program, which included Vnore than fifty 
speakers and panelists, ^was a complex and. ^-dUlLctm undertaking. 
Conferertfe Chairman Rob.ert Scott and his committee devoted consid- 
erable tifle and effort to the task; we were rewarded by an outstanding 
program. Many thanks are due to: Robert Scott, Director, Office for' 
Information Technology, Harvard University; John McGeachie, 
, 'Director of Gomputing Services, Kiewit Computation Center, Dart- 
mouth College; Weston Burner, Director, Information Processing 
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Services, MrT; Peter Meincke, Professor of Physics, University of 
Toronto; Warren Seider, Associate Professor of Chemical Engineering. 
University of Pennsylvania; and Eugene Young, Assistant Vice 
President, Rutgers, the State Universi\y,bf New Jersey. 



J^m/s C. Emery 
EDUCOM -President 
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INTRODUCTION 



For the last few years, it has been the practice for EDUCOM Spring 
and Fall Conferences to explore current potential and future oppor- 
tunities for the application of technology to the improvement of educa- 
tion and of its management. During this same time period, two major 
EDUCOM activities have started to address In det^[. specific aspects of 
the application of homputer netvyorking to the university environment. 
These two activities are the NSF-sponsored Netw^k Simulation and 
Gaming ProjccTBnd the twenty-two member Planning 'Council on 
Computing in Education and Research, ^ . ^ 

^The Fall, 1976 Conference sought to- provide a forum for reporting 
on these and related activities and to indicate directions for future 
development. The theme selected for the Conference focused on 
success that has been achieved in the application of computer 
networking to education and research in North American universities. 
Development of this theme involved a survey of issues in computer 
networking, ^ pro.vided by two major addresses, and t\^ panel 
discussipns addressing specific network activities, the degree of their 
success, the reasons for success or failure, and the problems that will be 
encountered in the polipcal, legal, technological, and marketing areas in 
the future as inter-institutional computer networking develops further. 

The majority of the Conference,. however, was devoted to specific 
'disc^ssiops.of successes in the use of computer networking in education 
and research. Four concurrent 'sessions explored the apphcation of 
computenn^tworking to library administration and u<e, to the health 
and li-fe sci^ces, to the physical and chemical sderrces, and to 
university computing centers. The various papers that follow in this 
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Proceedings show that a wide spectrum, of success has been achieved, 
^any common .themes-emerge including th*e need for management and 
pfanning, for user services and support, and for tacilitd.ting 
organizations. , ^ , 

During xf\e Conference, 46 dem(3|ptra*tions of computer networking 
were conducted spanning a- wide range 6f ci^pUcations-library adminis- 
tration, value-added service networks, commercial service bureaus, 
university computing centers, compute;, assisted instruction, and 
discipline specific facilities. . ** ^ 



„ J ^' . ..F^obert H. Scott 
' y' . • • November, 1976 
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Chapter t 



' by'Joe B. Wyatt^ 



Comj^uter Networking iii the 



^University — Success ami 
^PotenftaJ ' : ^ ^ 



The Airl/fe House conferences on CompiTter Networking, sponsored 
by the National Science Foundation ^nd developed by BDUCOM, wen 
hfeld in late. }%72 and early 1973 aj a time when the ARPANET had 
alireadv denaor)yrated the feasibility and some aspects of the usefulness 
of national computer networking for research, At those conferences, 
national computer networking for Colleges and Universities was ext^n- 
si\/ely discussed ds a potential contribution to higher education. The 
result of the Airlift House»conferences were described quite well ir\ th^ 
book* 'Networi:s for Research arid Education . Greenberger, 
Aronofsky, Massy and McKinney:'A^j]umber of- goals and a plan we>'e 
established for achieving the potBnt»ar%''fii4^ for higher educa- 

tion and research. Some of those goals have been met, others. still 
dangle lilce.carrots on long sticks. . 

Another important- outcome was t'h'e establishment of definitions 
and concepts which could be used to communicate ^bout .computer 
netwqrking. Three types of networks vyere defined: a user services r^et- 
work which is people and task oriented and dedicated to thp delivery of 
specific services to specific users, a trar)smission network which ertqages 
in the transportation of signals from point to point, g.pd finally, thpre is 
the new concept, of the facilitating network. The facilitating network 
<:qnceptualjy ^includes the bridging functions necessary to joifj users to 
network resource types. Into this category of facilitating services falls 
■standards of protocol, conventions for accounting ahd billing, docu- 
mentation and user lupport, and marketing functions. Facilitating 
serv-icjes 'also include the necessary* interfacing hardware to accom* 
modate the multitude of components interconnected in such a net* 
woMt. Two ihiportant concepts in the facilitating netvvork definition are 
the v\?holes^le-retail analogy uses to describe the relationship between 

• -1- 
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major resources who supply ''wholesale"^rvices and sfJecialists in user 
services, which deliver "retail" services to Individual users and groups of 
users, the- other is the "distributed system" which focuses centraliza- 
tion -and decentralization issues about hierarchical structures for com^ 
puter resources. ^ . 

One of the "largest" ideas which'came out of the conference was 
that a new national Planning Council be established to provide a^focal 
point for the organization, development, and funding of national net-*' 
working concepts for higher education. In essence, the Planning Council 
Was to concentrate' on the developJment of two of the. three forms of 
network^ namely, the "facilitating network and the user services net- 
work with the hope that the u'ser services network could begin to 
organize while the facilitating services are developed and refined. In 
additiorTi^the Planning Council yv^s to deal with the important questions 
of organization and struqture for national networking intiigher educa- 
tion and research. ' . • * 

Where are we now? In quantitative terms, there are several signifi- 
cant numbers by which we can measure our progress since- the begin-* 
ning of 1973, a period of almost four years. In order to establish-a 
point of reference, we can now examine some statistical information 
which was not available then. In 1974, for example, the Information 
Industries Association already had 71 members and the estimate'd gross 
annual revenues of the members of this organization ranged from a low 
of $477,000,000 to $618,000,000 for the year. In short, there was 
already operating in 1974 a commercial version of the user services net- 
work with an operating 'volume wh'ich generated a cash flow of aboOt 
one-half a billion dollars a year! Hardly a trivial activity! Other data for 
the period indicated*, that the total annual revenues for, the telephone 
industry in 1973 was $25.5 billion dollars. The total annual revenues, 
for the software and service rndustry was\$3.7 billion dollars fpr the 
. same year. Moreover, at this point in 1973 the annual growth rate of 
these two industries was compounding at a-rate of slightly in excess of 
16% per year. It is also imp(5rtant to note that in all of thes^ cases, the 
costs for these services was being born and justified by individual users, 
fnost of whom presumably had* made the decision that the value 
received from these services was worth the cost. 

Transmission networks are now fteurishing. In fact, the con^mercial 
packet-switched network has developetj since 1973. It is. interesting to 
nofe that Dick Bolt, who was a major participant in the Airlie House 
conferences, became convinced that the'packet-switched network was a 
viable commercial venture. He recruited Larry Roberts from ARPA, put 



additional funds to** establish and begin to operate the Telenet Qom- 
municatrons Corporation which is poW the majAr supplier of commer- 
cial packet-switched network services. In addition, other carriers includ- 
ing TYMESHAR€, MCI, Souther'n Pacific, Western Union and 9 host 
, of others hav^ continued to flourish with tl^ansmission networks 




corporation and managed to raise 
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Operated in special market sectors. Other than the much publicized 
demise of Datran, there seems to be no hesitation in the development 
of a viable industry around transmission networks for computer usage. 
In fact, with Western Union picking up much*of Datran's resources, it 
.is conceivable that the microwave network envisioned by Datran will 
become operable; 

So transmission networks' are alive and well— how about our facili- 
tating nejwork? From my point of vjew, the progress has been encour- 
aging buT mot yet sufficient, the Planning Council for Computing in 
Education and Research has been established with twenty-two 
actively participating institutions. The participating institutions repre- 
sent a widely diverse set of colleges and universities located throughout 
the Uaited States. All of them already devote major attention ta the 
use of computer resources in education and research. The staff of the 
Planning Council headed by Dr. James C. Emery is now well established 
in the supervision of tha major tasks for the Planning Council. The 
governing organizations represented by the Policy Board- and the 
Technical Commiftee have begun to operate as intended with participa- 
tion and involvement from both the executive level and the senior 
technical level at each of the member institutions. It seems appropriate 
to examine some of the major projects of the Planning Council as 
illustrations of the facilitating network concepts described previously. 

An idea which emerged from the Airlie House conference was the 
development of a "network simulation model" which would allow the 
systematic evaluation of the impact on a school of participation in a 
network. A small group of people, encouraged by the prpspect and* 
experienced in the development and use of simulation models met in 
Cambridge late in 1973 and concluded that it was feasible to develop a 
simulation model that would at least contribute to the knowledge 
about the financial impact of network usage, if not answer the qther 
questions as well. Very fortunately, this group received' enthusiastic 
encouragement and support from the National Science Foundation 
and the work was begun with a group of cooperating investigators to 
study the characteristics of such a model and determine its feasibility. 
This effort has resulted in a major research project for the development 
of a network simulation model which will allow individual institutions 
to simulate various conditions of network use to support decisions 
about computer resources. It is encouraging to report that the project 
has already achieved its initial goal for the development of. a basic 
simulation modeH This model npw simulates the activities yf a group 
of twenty-two institutions. Current efforts are underway to convert thft 
simulation model to a basic decision support system for colleges and 
universities in evaluating computer networking trade offs, I should add 
that the current version of the simulation model is ' performing both 
more effectively and more efficiently than most of- us expected and 
we are encouraged to hope that a significant decision support system 
might ultirhately result from this research activity. 

15 
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The Planning Council has initiated a project directed toward user- 
oriented networJ< services and dealing with the problem of delivering 
computer resources to computer users at a substantial distance. Qne 
way to characterize the user network services envisioneg bV the 
Planning Council is to compare it to the ARPANET. TKe typical 
ARPANET user (if. there is syCh a thing) was' and continues to be a 
person skilled in the use of computer resourtes. The researchers who 
use the ARPANET and do not fit. these characteristics usually require 
UlJfcjervices of an "interpreter" who is so skilled. As a result; the 
^^ANET userSt require little in the vvay of facilitating services and, in 
fact, seem qujte pleased to be able to "do their own thing." The facili- 
tating services which characterize the ARPANE*5 are those which deal 
with hardware and'system software interfaces, e.g., the AN"PS system at 
the University of Illinois, the ELF system at the University of 
California ^nd the UNIX system originated attheBJII Laboratories. By 
contrast, the user-oriented network services which the Planning Council 
is attempting to develop will fat:ititate the access to remote computer 
resources by users not skilled in computer science and technology. 

The enhancement of disciplihe oriented Communities of scholars 
may be one of 'the most 'beneficial aspects of computer networking by 
enabling the concept of computer-based ^ publishing of research and 
teaching materials. There are already substantial computer-based mate- 
rials which are difficult to transfer from computer to computer. One 
exarnple is large models which are used in chemical engineering, eco- 
nqmics, computer science and a number of disciplines. Another exam- 
ple are large collections of data which are updated with sufficient fre- 
quency to make it inconvenient if not very difficult to transport from 
c6mputer''to computer. In'fact, for much of this material, institutions 
can iimply not justify the cost and the effort: required to move the 
materials to the local computer so that effective access for any purpose 
is denied. ■ ■ , , 

% particular' illustration of this kind of material which EDUCOM 
continues to support is the distribution of materials in law teaching by 
means of a computer network. The materials are represented by 
connpUter-based exercises of two to four hours in duration which test 
students on their knowledge of various fields of law. The exercises 
basically simulates a one-on-one interaction between a student and a 
professor of law. A number of these exercises have already been dev.el- 
' oped and operate wi-th the support of a large scale computer system at 
* the University of Minnesota. Authors of the exercises are located at 
Minnesota as well as other institutions including Harvard'., The cost of 
moving the whole systVn from computer to computer is significant. In 
addition, frequent mowications and improvements to 'the system at 
the University of Minnesota would have to be laboriously communi- 
cated and installed. Th^ net result is that vvith lowering communica- 
tions costs it i^ more cost effective to directly access the computer at 
the University ^of Minnesota than ta deal with the transfer. These law 
exercises may be typical of the future Jn computer-based publishing: 
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they are an adjunct to course nrjaterial as opposed to replacing specific 
techpiques',or materials; they are producede in concert with printed 
cases which the law school students study and from which lectures are 
developed. As a result, they provide a new and valuable dimension to 
Jaw teaching and havp been received with enthusiastic support by a 
sizable nvimber of lawi teachers.. Ip fact, it is likely that these-exercises 
will be used nationally by forty or fifty law sc|iools* within the next two 
years. The brbad use. of these materials is almost certain to^encourage a 
larger group of authors to develop case5 in the 'new computer-based 
medium. If this is a valid example of the concept of computer-basetl 
put^lishing, it appears to be self sustaining in the richest sense! I am 
personally hopteful that this^ttipdel cab be extended to. a host of other, 
disciplines ,for which, remote access to computer-based tnateribis will 
provide a new and valuable dimension to learning.' 

An Important Potential— The Library. Probably the most importe^nt 
and the mojst critical nevV function^of a computer network for the 
future is as -an- alterTiative information resource. Althpf^gh the use of. 
networks as irfforma"tion re§oi>rtes has k5ngl>een tested, ij^is now time 
for some tangible and'useful manifestation of the pronrMse. 

In considering the problem and the potential, the relative economics 
of the status Tquo and technological innovation are revealing. This per- 
spective of the library problem ois illustrated 'in The Economics of Aca- 
demic, Libraries where the results of a study of .58 librarJes over the 
years from 1964 to 1969 are portrayed showing^hat durirjg this period 
the operatin'^ c6st for the 58 libraries,, calculated as a unit cost per 
student, approximately doubled. Over this same period the wholesale 
price index remained relativelyflat.Mn fact, the. library costs increased 
at a rate, sev^n times that of the wholesafe price index. Similar data for 
computer and communicaxjons costs expressed as a function of a unit 
of "processing an^d ^computation showed that during .the'same period 
these costs were dropping rfiore sharply than library costs wei^ 
increasing./ln fact, computer and communications units costs decreased 
by ten f/Vines relativ^ to the wholesale price index over the period. / 

Some specific illustrations may help focus the point. In a recently 
published Fact Book on the Yale libraries. Dr. Rutherford Rogers 
reveals some striking quantitative data. 1n 1975 the Y^e. library held 
6,518,848 volumes excludin'g serials. These holdings were 15% greater 
than the holdiogs'pf 1970, measured similarly, and theholdingj irt T970 
were 28% greater than the holdings in 1960. Th'e growth 'rate iri serials 
tiurinc[ the period is approximated X6 be in excess of two times that for 
books reqjesented by the statistics. The cost for Yale literary operations 
during the year 1974-75 was $10,733,000, the third largeston the con- 
tinent, exceeded' by the Harvard libraries at $11,496^q00 and., the 
Toronto University libraries at $11,997,000. One of the more dis^ 
tressing aspects of these cost data, in additioh'to the size of the num- 
bers,* Is the r^te ot^growthr. For 'texample,'the Harvard library costs haye 
compounded at a rate- of approximateiy 9% for the past five yqifri. 
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One reason that it isn't higher is that the funds^devoted to acquisitions 
are now less than 30% of the library budget. If funds for acquisitions 
are squeezed to less anc( less as both the cost/and quantity of printed 
materials increase, the result is both obvious and undesirable. 

A costly feature of printed material is the physical space that it 
consumes. For example, at Yale there arq^ 190 miles of linear shelf 
space in the University libraries fepused in^over 15 1/2 acres of floor- 
space. In today's economic environment spacq costs are agigravated both * 
by the increased costs of construction ap^ the increased cost of opera- 
tion and maintenance spurr^ by the energy crisis. This problem will 
likely contfTiue for the coming decade as all these costs, particularly 
energy costs, move upward. The impact of spfice costs on libraries was 
the subij^ct. of a recent artiCTe in xhe Chrdn^$l for Higher Education 
(July 12, 1976) by"Robert Wilson in which the^thor used space costs 
to argue that a large cost savings can r«suTl:??f.nojTi anJncreaSed use of ' 
microfilming technology coupled with the shari^jjp of library collections 
by regional warehousing of less frequently used materiials. However, the 
concept of decreased self-sufficiency for university libraries, on which 
the conservation of space argument depends, rep/eserits a responsive- 
ness problem to the librarian as well as a limitation on the user's ability 
to 'browse. Moreover, the storage of materials on the basis of frequency . 
of. use, a concept whkh has become very f 3m ilia r to those involved in 
computer technology; is a relatively new concept. to the librarians and 
one which plans stress oh the book publishing market evidertt from the 
testimony before CONTU. This is but another illustration of the fact 
that technological solutions inay create behavioral and policy problems. 

The pu/pose of combining these data is, of course, to support the 
claim that the promise of computer and clommunications technology ' 
has some financial basis. It is virtually a certainty th^ unless that prom- 
ise of computer and communications technology begins to provide 
alternatives in access to information,, there is likely to be a substantial 
shortfall in the availability of information to scholar^, a matter o,f some 
paVticular concern to those libraries which support research activifV- - 
^ Scientists have for a number of y6ars envisioned the day when com- 
puter and comrfTunications technology can be used directly as a subsfi- 
tute for visiting the library to pipw through .stacks of printed materials. 
The typical scenario envisioned by such library futurists includes a" 
"conversation" with a computer terminal about the kind of^informa- 
tion desired and the terminal responding with samples of i£)formation 
from the computer system which could then be used to refine the. 
inquiry io the jdesired point. Moreover, it Is envisioned that- this conver- 
sation can occur Jn a fraction of the, time required for a visit to the 
library of printed materials and would' provide more* -"up to the 
minute" information as well. Such a system could not replace materials 
but that kind of information resource migKt reduce serials co^ts and 
. reduce the labor intensive PQrts of library searches, ft is obviously 
a scenario^ in Which there is a good deal of promise w.hen one considers 
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the alternatives. Making a coMection of information accessible through 
nevy techncplogy,. approximating 'conr\pleteness and making the service 
affordable in cost are equally .as significant as making the human ipter- 
face to such a service comfortable to individual users. 

I submit that this conpept is not far fetched. In fact, such a system 
already exists in microcosm. The legal data system offered nationally 
by Mead Data Central to practicing lawyers, called LEXIS, contains 
complete opinions for cases in particular areas'of faw from federal casesj 
and several states including New York, Michigan, Ohio and Texas. The 
user interface to LEXIS has.been carefully designed with the objectivej 
of allowing a senior partner In a law firm to use the system directly 
wj.thout an operator/interpreter. The theory is that the conservation of 
user time in the use of such a service for researching case law material 
will .be cost effective in comparison to traditional use of law clerks and 
law libraries. It is also theorized that such a system vyill be equally, or 
more effective in finding all pertinent cases fqr a particular proceeding 
given the t^me constraints that usually apply. This application has sev- 
eral characteristics which make it feasible for contemporary .techno- 
logy. First, th'e amount of data, although l.arge, is sufficiently small to 
be compatible with contemporary memory technology for fast response 
devices.* Second, the application is' sufficiently specialized that a user 
tanguage vocabulary can ba targeted directly at a manageable set of ter- 
minology. Third, user time is valued very highly, often in excess of 
$50.00 per hour. Hence, the'tinne saved can be used to justify a rela-' 
tively expensive service. The combination of these factors makes the 
service successful and as technology becomes more powerful and less 
expensive, the methodology can expand to some other professions and 
disciplines, perhaps the sciences, The gse of LE)^JS and its competitive 
system offered by West Publishing Company is mushrooming in. Igw 
firms in the states for which case data is maintained and for federal 
cases throughout the United States. These services also appear to be 
achieving to sorn^degree the important objective of having' practicing 
lawyers use the computer terminal directly (albeit computer terfninals 
which has been carefully engineered to encourage such use). In short, 
these law systems may be early illustrations of the kind of technology- 
based information ^resource which can deal with a significant part of 
the library problem. 

There are, of course, a number of Immediate difficulties/ The largest 
of these is the cost., of providing such a servige for disciplines not 
restricted to small volunjes of information and specialized vocabulat;ies. 
The challenge, then, is to concentrate on those areas of development 
which can improve the capability for specific.disciplines at a reasonable 
cost. For the future, we should assure that the results of research in 
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information structure and information technology are applied to areas 
of> neecf where capability and financial, factors are a match. Applied 
research, the marriage of theoretical concepts to very real information 
probl6ms, must be performed in order for the computer and communi- 
cations technologies to have a substantial impact on the library'problem 
which h^s been described. Early indications are that tfte "theoretical 
concepts are sound when applied to real problems. However, thei 
development of computer based information systems as a meaningful 
alternative to the library the 1970's has a l^rge number of gaps, gaps 
which must be filled in order to avoid a. real shortfall in th« traditional 
role of the library for college and university scholarship. 
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Chapter 2 



by Peter A. Alsberg 



Computer Networking 
Ex|3ertence at the.Center for 
Adwincs[d Computation 



1.0 INTRODLTCTION ' 

• • • . * 

. The .Center for Advanced Computation (CAC) is -a research unit in 
t-he Graduate College of the University of Illinois. The CAC was origi- 
nally formed in 1970 to support the llliac IV computer. In 1972 we 
were'forc'ed to rely upon the ARPANIET for our computer servi(;^'and 
computer operations. ' ' * ' .» 

2.0 THE BEGINNING - 1^72 

CAC research alttmtfes, \n 1972 the Center'fQr A(Jvanced Computa- 
tion was an ARPA-dominated computer sentence" research institution ' 
specializing in the development of operating systems, corhpilers. statis- 
tical systems, graphic systems, data management, and large application 
programs. The CAC had one research contract from ARPA at. a level of 
1.4 million dollars per year. Of that money, $480,000 per year was 
^ spent for our own Burroughs B6700 computer and support staff. 

ARPANET status: In 1972 the ARPANET protocols were in their 
'infancy. The few protocols that did exist were all first version. The. 
ARPANET itself was a radicaLand ^ery ambitious step into a new con- 
cept of corinputer communication and service. No one had any exper- 
ience with multi-machine networking. Ther'fe were v^ry few server sites 
on the ARPANET. The only sites that could be depended on for a ser- 
'vice orientation were the UCLA 360/91 and the Bolt Beranek and New- 
man (BBN) PDP-10. The Center for Advanced Computatioh was. 
pioneering the mini-host concept for network , access with Its ANTS^h 
system. But at that time the mini-host concept was new and not well 
funded. * ' 

ARPANET transition. ARPA withdrew support from bur computer 
and forced us. to^go dnto the ARPANET f9r all of oijr computing heeds. 
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The transition to the ARPA network provided for no overlap in local 
B6700 services. On June 30, 1972, the computer was removed. On July 
1, 1972, Center research programs were transferred cold turkey to the 
ARPA network. . 

Arrangements were made with UCSD to provide B6700 service on 
the ARPANET. There were extreme problems with staff rejection of 
the ARPANET.. ^ 
. Immediate results. Within two months of the ARPANET transition, 
the staff attitude had completely . reversed. There was virtually unani- 
mous support for networking. The reliability, availability, and pr6duc- 
tion orientatiofi of the UCSD installation was superior to the facility we 
used to run ourselves. We were the largest single account at that irlstalTa- 
tioii:,^Our dollars were important to UCSO. In the fali of 1972 a B6700 
was-availabje on our own cempus at the Department of CiviJ Engi- 
neering. UCSD knew this, and siggressively supported our requirements. 
' We atso saved money. During" that first ye^r, services at UCSD cost 
approximately $108,000.- Support of our ANTS mini-host, local staff, 
and ARPANET IMP cost appi:oximatelv^$82,000. This annual cosf of 
$190,000 was approximately 40% of our previous year costs. * 

3.0 THE IVUDDI^E - 1973 to 1975 

Growth of heterogen'eoy;^ computing. During the 1973 to 1975. 
period more service sites came onto the ARPANEJ*. - * 

'Theres^ were many PDP-IO's cm the ARPA netwc>rki anc{ APPA had a 
well-furfded graphics program for ARPANET PDP-IO's, This provided 
the opportunity to exploit .Tnultiple. rriacKines. oi?i:.1he AftPAr«JET to^ 
splva a, single problem. On^ of the first examples Was in supJport of the 
Laboratory for Atmospheric Research. The PDP-10's on^he network 
weje super i6r interactive machines to the 360/91. Thus a PDP-10 was 
Used in an interactive mode to prepare jobs which were subsequently 
sent to the 360/^.V The results from the 360/91 were sent to-another 
PDP-10 where graphic displays were prepared, Finally, the graphic 
results of the 360/91 run were sent to our ANTS mini-host using net- 
.work graphics protocol. ANTS was then able to display the results oa a 
variety bf-devices at the CAC and at the Laboratory for AtnTOspheric 
Research. 

By 1974, It seemed clear that multi-machfne operation offered not 
only perforniSnce but a[so cost advantages. To test this, we ran a'series, 
of benchmarks in late 19,74 and early 1975. We found that machines 
varied by factors of 10 or more in the cost and the speed 'with which 
they could perform various tasks. Nevertheless, it, was found that 
throug^i networking we could exploit ^all differences in machine per- 
fornjance or' pricing policy. Furthermore, network overTiead could be 
absorbed even for very small tasks (tasks that cost only pennies tp run 
or took only seconds to execute). The conclusion was obvious. Signifir 
Qant price 'and performance advantages were available if inst^d of 
jltempting to solve an entire problem on a single machine, appliciitions 
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programs were split to take advantage of the best machine available for 
each component of a problem. ' ' 

Cost growth. During this period, our cost ,f or ARPANET services 
grew. We were doing much more computing than before. We were 
spending' approximately $30.0,000 per yiear. for service at remote sites 

'^Jl us $85,000 to access the network (ANTS, support staff, etc.). But, as 
competitive service stt6s" became available, we Were able to barter for 
preferred rates. We had increased oim: overall computir>g loa^ several- 
fold and'still were spending $100,000 less than when vVe tried to 
operate our own machine. 

CAC transition. With the ARPANET, inter-institutional co-operation 
taecame cbromon jjlice. The researchers at the Center f)^gaa to use the 
ARPANET mail facility' to collaborate'-with other -investigators. One 
result has beien the frequent appearance of multi'-institutional publica- 
tions. Another has been that researchers who are dependent on the 
computer found that they could move frorn on^. institution to another 
and still have access to the same computing facilities. The CAC became 
a natural focal point for f^earchers who required sophisticated com- 
puter tools. By 1975, sixty percent of our contract support was now in 

. disciplines that used computers only as research tools. 

4.0 THg PRESENT - 1976 ' , . / ^ 

Cu/renr CAC research activities. The CAC currerTtJy has approxi- 
mately one and. one-half .million doNars of (Contract (Research in energy, 
labor '9f)cl veconomlc impact studies,' remote sensing, and land use 
pTanritnjff. We stilt do computer 'science research for government in6 
industry. ' . ' ^ " - 

' • Thrs research mix is likely to continue. Multi-machine expertise has 
become the rule for CAC staff: This expertise and the irftpressive 
resource of the ARPANET can place computing problems into a per- 
' spective more approjbriate'for these researchers. 

Current cost. At present we are spending $300,000 per year for net- 
work corhputing services. Of the ARPANET services consumed by the 
Center contacts, appro)<imately 30% are related. to computer science 
^nd the 'hard sciences; approximately 40% are related to government 
policy\rSuppQrt; and approximately 30% are* related to energy and 
psychology research, 

> - 

5,0 TECHNOLOGICAL CONCERNS ' 

Resources access networks. At present, computer networks support 
•resource aqcess. A terminal attached to ci computer in London, or 
California can ac<;e.ss a computer in Illinois as if it were local, A user 
can transfer files** from one maghine to aiiother. AM of^JJpe communica- 
tions protocols are telephone surrogates. They provide point-to-point 
services in a manner that could be done with a^telephone were a com- 
ngunicatipns network not available. This mode of operajion-does not 
even begin to realize the potential of^ej|^/orking. 

• ■ . ; ■ ■ ■ . ' . 
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Resource ^anhg networks. Resource, sharing networks are cost and 
performance Tsuperior to resource access networks. Resource sharing 
networks willirequire multi-point computer to-computisr protocols. So 
far, little has-^been done to develop those protocols. In addition there 
are major technological problems with resiliency, security, and ac- 
• counting. Again, little has been done. 

Resi f iency. JTo6ay,^ mosx network systems assume a very benign 
environment. Tney do' not account for prptocol violations on the part 
of the computer. Protoco^s' assume that no process on the network 
operates witK nialicious intent. Finally, current protocols ignore the 
nagging proble^nW lost messages* All of these assumptions are violated 
dally on the ARF^NET. ^ 
^ Secufity. Access control and security on a computer network are e)f- 
tremely difficult. Current vyork in the Department of Defense indicates 
that the problemVis exacerbated by multi-poipt considerations. Re- 
source sharing networks v\^ll have to secure proprietary software and 
data bases and wiU'jhave to st|pport privacy for records about individ- 
uals and organizatix)r)s. Once again", little has been done. 

Account'mg. For , Resource shacing to become a reality, we will- need 
tftinsitive billing ptocedures (and hence transitive security). For ex- 
arnpl^ a user mighjj interact directly with only one service site while 
interacting indirect^ with many others. The first site should be able to 
bill the user for alllservices consumed, direct and indirect. The current 
requirement for separate accour;ts attach si.te limits resource sharing to 
.the most innovativ||and technically agressive users, 

6.0^LESs6nS WE LEARNED , _ ^ . ^ 

iJfe hidden costs of our own computer. Prior to;moving to the 
.ARPANET, the "right" machine for any computer project .at the Cen- 
ter for Advanced Compiftation had ^o be our own machine. Our ma- 
chine was a fixed cost item. A sighificant amount of, senior management 
time wasvdrained by the care and feeding of thfe,. machine. Even our 
choice o^'tesearch areas was subjected to constraints imposed by opera- 
ting our own machine. 

Networking advantages^ In substituting the ARPANET for bur own 
machine, we reduced pur dire(?t and^ndirect expenses. The ARPANET 
allowed us to spread our computing needs across the nfeiyvorl?, using an 
appropriate maqhine for each of our problems. It is common for Center 
staff to be fluent in three or more computer systems and to apply the 
different perspectives and philosophies ^ thdse systems in their day-to-. 
day problem solving activities. 

The drain on our senior management time ts gone. We have replaced 
a major fixed cost item with a flexible cost item. We als(j have reserve 
computing capacity -whenever needed. 

Networking really isn't for everyone. Networking is r\ot a free ride. 
The Center's experience has been tha*t we cannot trust the common 
carriers to develop networking techrlology; Parochialism abounds. In 
particular the common carriers tepd to design for terminal communica- 
tions or for. a specific operating system. Any organization seriously 
interested 'in net\^drking must make the commitment to^understanding 
and advancing network technology. That comrhitment is the hidden 
cost of networking. 
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by Anne W. Branscomb 



The Future of Computerized 
laformation Systems: Tbe ^ 
Legal, Political, and Regubtory 
Environment 



.10 INTRODUCTION • 

Whatsis to be the. natui^ of a university in an information oriented 
society? Computerized J f>tormaJf(fhi ' sys,tenis have tine'- capaqjty to 
'precipitate substantial changes potTonly injithe manrier rn/.which 
informatiph is disseminated'but tundamentarchanges in the iiistitulipns 
withrii- which such information is gen,^rated, collated, packaged and 
distributed, to the consuming public. : ' 

The future "evolDtion of * networking, of computerized information 
systems is. mor^dependent upon issues involving information content 
and the roles of the institutions that develop them than it is on the 
cost and complexity of the communications and computing facilities 
"themselves. * . <\ 

What then are the legal and regulatory pro'Sfems you are likejy td 
encounter, and what is the political envircJYi/nen^- in which they will 
have to be resolvAed? More precisely, what lively opportunities may arise 
whicj^ might facilitate and simplify the exchange of chit chat from one 
computer to another and who are the cast of characters you are likely 
to encounter as yoij enter the arena in. which the legal parameters of 
networking aVe likely io be forged?' 

2.0 THE PROTECTION OF PROPRIETARY RidJiTS IN 
COMPLIJERIZED INFORMATION SYSTEMS ^ 

Computerized information systems transmit intellectual pr9ducts 
that are produced by a wide variety of individuals, groups, and institu- 
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tion$ both public and private whether operating in a university envir- 
onment or in a bu^siness environment: One of the most striking 
characteristics of the' new computerized information systems is the 
difficulty .of separating public from private spurces. The rules of behav^ 
lor to which we have subjected the two different types of producer^, 
and whicb differ substantially in thtir bgsic thrust, are^' now 
incompatibly rrfmgled. Moreo.v&r, the new and long awaited Copyright 
Act recently passed by the Congress ID does not really address itself to 
the questions of proprietary protection of intellectual property 
produced withio the context of computer networking (2)' 

Consequently; a long and protracted development of the (aw in this 
area is a likely prospect for the foreseeable future. Although some of 
the most pressing problems offered by new technological development 
such as cable television (3) ancLeprographyji/i) have beeci addressed, 
the Copyright'Act has set aside t^e determination of the law concern- 
Jng computerized information ^\steiTis- Specifically, the Congress 
awaits the reports of two national Commissions which are functioning • 
independently and simultaneously: The Commission on New Techno- 
logiqal Uses (5) which contains representatives of the publishers and the 
inform'at\pnjrf?dustries; and the Commission on Libraries and Informa- 
tion SdeN* which contains librarians, .and information profession- 
als (6). ... . - ' f 

The results o>" these deliberations ^ill have a profound effect upon 
efforts to interconnect data banks. The. use of copyright protection of 
proprietary interests 'in computerized information systems raises far 
more questions and difficulties than it solves. The pouring of a new 
technology into legal concepts specifically desegned for an old technol- 
ogy may alter the course of history in an undesirable manner than had 
the legal concepts been permitted to develop in an otherwise unstruc- 
tured fasj;)ion. ' ^ 
• However, the copyright act, together with trade secrets and unfair 
competition law are the only tools that thej^^odufiprs, packagers, and 
procurers of information systems have. Unless and uotil we can forga 
something more appropriate to the technology, we will have to live. 

with thetn. . . 

There are many ludicrous consequences. Copyright law was designed 
to protect authors whose only compensation came from the sale of the 
manuscripts to. either the publishers, or, through them, from royalties 
^n the sale of copies of the published manuscript. The US. Copyright 
Office requires two copies of the original publication to be filed with 
the office (thi^^has already been abandoned when trying to deal with 
computer programs). But query: what is the original in a computerized 
• information system such as the New York Times service -which is 
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constantly being upjlated- every twenty-four hour period? WhaMs the 
copy when only a small porti9n of the "original" is being used? Is this 
fair .use which, is uncompensable when only a small portion is being 
used or should one expect to pay according to use? 

There are pluses and minuses when one starts to deal with access to a 
centralized data bank through a computer network. The ability to 
charge by use)athfer than by published copy is vastly improved.. since 
the machine is capable of doing its own monitoring and billing 
according to actual number of times of use and even by categories X)f 
use. However, the problem . is vastly more complicated. when, onfe uses 
local small processors to retriisve portions of information from a data 
bank, shares them with a rtumber of user's, and then returns^them to the 
central facility in the same or a different format. 

Certainly the concept of payment according to the nurnber^of copies 
made becomes even more complex in- the case of a group product in 
which contributors on widely dispersed ^campuses participate in the 
design., of an*ead product: To add another parameter, what happens 
' when the inti»llectual product is the work of both university professors 
and industrial research professionals? To make the^ mattef even more 
complicated, suppose the computerized information system is-marketed' 
by a non-profit entity that uses some material produced by a for-profit 
company? Does one apply a non^pr^fit rate or a for-profi#l«« in- 
compensatmg? Do the rules for transmission time on ?p?ut!ff?^'3Wched 
network apply at the for-profit or non-profit rate? 

This is just a sample of the obstacles which may inhibit computer- 
ized netvyorking from developing r.apidly in the university world. Please 
'bear with your university attorneys if they seem slow in resolving 
difficulties, and please cooperate with them to educate them to a full 
understanding of the technological facts of life in order that they may 
make your work easier and more productive in theJong run. 

My predicition is that, compensation of proprietary interests in 
computerized' information systems will develop along some concept of 
compensable use rather than the more (Established royaky per copy, 
' Ultimately all professional journals, for example, may exist only as a 
single original data file from which alt users will have direct access. 

3.0 PRO&LEMS OF PRIVACY ' 

One of the major inhibitions to the development of computer net- 
, works has been the Big Brother image which wa^ projected by Orwell's 
1984. Since the year is almost upon us the fear seems to loom larger 
' *^wsA lof/^Ai^ AUh/Minh tho tonal i r:\rr\0\Mc\r\c in \A/hir.h th<^ individual riahts 
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and stored m data banks can be as easily, developed to work with 
computers as with other forms of technojogy, it is a pity that wfe are 
plagued with this continuing problem. It is a factor with which we have 
to live and which we will have to work together as lawyers and tech- 
nicians to solve. 

It is my projection that the public simply wit! not accept the prolif^ 
eration of interconnected com puterj^ad information systems unless and 
untH a body of law develops I^^Se g^ atofv system evolves in which 
individuals and institutions ma^fprotect ancfpreclude access to informa- 
tion obtained from ar^ about flS^- Thu^ we must: 1) recognize that 
information l8^^-comnTS <Litv*j ffiii C Tt' ha ^ ^economic value and for which 
reasonable compensation must be paid; 2) Information of a statistical^ 
nature which must be collected for the efficient and necessary 
functions, of government and business, i,e, census data, or social 
economic *and financial statistics, must , carry the protection from 
individual identiftability; and 3) Information about*individuals must 
carry rights of release and powers of correction for inaccuracy. The ^ 
context in which these problems will arise in the universities is in the 
.collection and use of research data asi^ell as storage and rernoval of 
student re cordis' or medical records in university hospitals. Networks 
which attempt to exchange information of this kin9 will run into statu- 
tory restrictions which will require revision to accommodate to the 
• changed technological environment. 

The responsibility for working out the details of legal access cannot 
.be left to chance but must be developed along' with the technological 
and economic solutions. It is ah expensive waste of time and resources 
to develop facilities which the public will not use. The public (will not 
use computer data banks unless thfey have confidence in the regulatory 
system, and they will not allocate funds unless they see "some, utility. 
The new commission set up under the Privacy Act of. 1974 (7) is a 
good start in the right direction for federal systems. Howevfer, the 
protocols of use and protection of both. privacy and proprietary interest 
in the product must proceed in a reasonably accelerated manner in 
order to keep pace with technological progress, 

4.0 COMPETITION VERSUS MONOPOLY IN PRIVATE 
LINE & DATA COMMUNICATION- 

There is s6me good news. and some bad news about the politics and 
economics of data and private line communications which will help or 



• As compared With copyright protection which covers packaging and procuring 
of information. 
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hinder the development of interconnected computer networks. The 
Federal Communications Commission has^recently come out with a 
decision in docket no. 20097 (8) which will permit the.sharing of' 
private Hne services, and Telpak, Digital Data Service (DDS). The 
decision is 82 pages, but, unlike previous decis|pns of this agency, it is 
articulate, well reasoaed, and fascinating reading. This new develop- 
ment permits opportunities for sharing of resources which will not only 
cut costs of high speed better quality transmission fafcilities for* inter- 
connecting data banks, but will also permit a greater participation in 
the network design and control of the hardware which will route and 
process the messages. This decision is consistent with previous decisions 
of the FCC (9) pver the last few years to open up competition in the 
longlines^. common carrier service (as well as the peripheral equipment 
and services), an9 should permit greater choice and freedom of action. 

The decision encourages the use of an unregulated intermediary 
entity to manage the shrared use. Not only wilt sharing of facilities by 
customers With an affinity/of interests be encourrf§6d as permitted by 
the BeM system for the airlines, electric utilities and stock exchanges; 
but all customers will be free to determine which of them wish to 
amalgamate their Interests for the purpose of economy or quality of 
transmission. In the future both sharing, brokering, and resale of 
communications capability will be permitted vyithout restrictions- 
dictated by the Bell system and its affiliated carriers! 

On the other hand the Bell system and its affiliated carriers have ^ 
determined to put up a fight to extend the monopoly characteristics of 
the telephone system to all tonglines carrier systems and to the 
peripheral equipment and services as well. AT&T 'and its associates 
have drafted the Consumer Communications Reform Act of 1976 (10) 
which Ralph Nader calls a violation of the truth in packaging act. There 
are more than 200 sponsors .in the Congress which expires at the end of 
*this year, and no further action can be taken before the new Congress 
takes offjce in January. However, the number of sponsors indicates 
both the strength of the telephone companies and the appeal of their 
argument that competition in data communications and attached 
terminal services severely handicaps their capability to provide low cost 
local loop service to residential customers. 

Although the FCQ has rejected the AT&T argument that the entry 
of competition or) the longlines and data communications services will 
ultirnately cause the deterioration of carrying capacify and the disinte- 
gration of the nationally integrated and remarkably efficient message 
toll service (11), there is substantial support for the Bill system's 
argument and general recognition that the Bell system has produced 
the best telephone system in the world. Economists are still at^odds , 
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With each other concerning tbe facts.* and thus have not yet definitive- 
ly determined whether there , is sufficient evidence to prove AT&T right • 
orWrong in Its allegations. The FCC determination is an interim finding 
which cannot be appealed to. the courts (12), and AT&T managerffent 
has turned to the Congress for support. * 

In addition, the FCC' has itself instituted a, new computer inquiry 
(13) the outcome of which may also change the course of recent 
history. Under th? -consent decree of 1956 (14) ttue Bell system was 
prohibited from engaging in any activity which did not qualify as 
common carriage under'Title II of the Comrpunications Act of 1934 
(15).. Under the decision of an earlier computer inquiry (16), "data 
processing" and hybrid data processors were determined tojbe outside 
the reach of Title II which would be construed to cover onTy communi- 
cations carriage and "hybrid communications systems" whose major 
activity wa^ transmission rather than processing. However,* the line 
between the two types of hybrids has become more and more diffuse 
with practice (17). * Although many types of communications which 
border at the line of distinction are very similar in practice, some seek 
authorization under the FCC authority and some do not. Consequently, 
the pressure for clarification has come not solely from the Bell System 
which would like to be allowed to compete with the data processors 
. but can" do so only if such activity becomes subject, to FCC regulation. 
The lines are being drawn for a very substantial fight in two very 
distinct arenas: one in Congress and the other in* the FCC rulemaking 
proceeding. .Both are likely to have substantial effect upon EDUCOM 
and the efforts of universities to interconnect their computer facilities. 
UrJess you wi^h to let "others decide for you what is in your own self 
irJeresit, you t'oo must decide where your interest lies and get into the 

fight.. 

There is substantial evidence that a real reform of the Communica- 
tions Act of 1934. which is long overdue, will in fact begin in earnest 
within' the foreseeable future. The VanDeerlin Committee has made a 
commitment, the new president elect has^made a public statement to 
the. effect that he Javors a new act, and the departure of Senators 
Pastore and Hartke opens wide the appearance of a new cast of charac- 
ters in the Senate side as well. Therefore, you should do your 
homework arid decide how you wish to see the Act fashiqped to 
protect and ^promote your own interests in computer networking. 
Determination of where your interest lies is not a sirtiple matter. Some 
I 5 

•Bell representatives argue that the ionglines service subsidizes the local resi-' 
denti*al service and other economists* argue that the local residential service has 
been subsidizing the Ionglines and business service. 



30 



THE FUTURE OF COMPUTERIZED INFORMATION SYSTEMS 19 



nonprofit educational institutions receive discounts for private line 
service from carriers and some receive discounts for equipment from 
manufacturers. This discount poNcy may be a strong incentive to favor 
the natural monopoly approach rather th^ rely upon the natural forces 
of the competitive market place to drive the»prices down especially i«f it 
can be ascertained with any definity that such downward direction in 
one service will drive the prices up in a related but-socially productive 
service. What happens in'the political, arena in the next few years will 
have a profound effect upon the architectural design of our national 
communications system for at least the next quarter century, 

5.0 SATELLITES AND SAUCERS 

There are several developments in satellite interconnection with 
which educators oyght to be familiar and which present novel and 
ynusOal opportunities. One is the filing of the CPB on behalf Of the P^S 
for a satellite system which wouW interconnect public broadcasting 
stations through the country, both r^dio and television (19).<Phis appli- 
cation is being filed with an expectation that there will be excess 
capacity available 'on- the systerfi as designed, and that such' excess 
capacity will be leased^back to a third party (2jl). 

The public broadcasting system, as presently constituted, receives 
substantfal government subsidies at the national, state, and Ideal level. 
Indeed, many, of the licensees are *the same universities which are 
iKterested in networking computer facilit^ies and belong to the 
EDUCOM Planning Council (21). ft seems Idgical that some marriage of 
interests might be consummated. Joint efforts between the computer 
facilities. and broadcasting entities might permit these non-profit users 
to combine xhe'\it resources to. facilitate the networking of computers 
and to obtain increased transmit capability for the public radio and tv 
stations (most of which will be left otherwise with receiveonly satellite 
saucers). Although the CPB has shown an extr'eme reluctance to clutter 
up rts lead application with any s'pecifically conte'mplated shared uses 
which might deldy realization of their system; nonetheless, the public 
interest 'dictates that the ultimate costs to the consamer be considered.- 
An- opportunity which now presents itself should be seriously studied 
by universities who have both computer facilities and public radid or 
television stations. 

Another contest irr which the rrrterconnection of computer facilities 
by satellite may be pursued is the Public Service Satellite Consortium 
(22),. which operates under a mandate from its membership to catalog 
the potential public "use of an interconnected satellite system nation- 
wide for non-profit users and to pursue some jointly determined 
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strategy for Qbtalning- satellite interconnected capability. Such a 
national capability for public service users would permit costs'insensi- 
tlve to distance and permit small users the advar^tage of piggy-backing 
onto tbp use by larger institutions. ^ 
* Another filing with the FCC for satellite intercoqnefction was nlf^de 
by Satellite Business Systems (SBS), a partnership of IBM, Aetna/ and 
Comsat (23). SBS intends to use a high power satellite systertt with the 
12-14 gigahertz frequencies that can be received using jmaNer'and less 
expensive saupers than cap be* used with the Domsat satellite carriers 
with fow, power like Westar. The SBS . plan is especially designed to 
accommodate the needs of both data processors and private line voice 
systems. It can also c^ry video signals and therefore is ideally-suited to 
the needs of university computing facilities as well as business systems. 

All three of these efforts will be pursued in the arena of the .Federal 
Communications Cornmrssiorr's licensing authority. They will pass or 
fall by the v^ayside depending upon the arguments pro and con which 
are put forward by the interested parties, including the -existing 
common carriers whiclj provide existing longlines service and potential 
i^sel^s. Thus the^erttr.y of new competitors to provide alternative inter- 
connectioQ-.service will depend in part on who is interested in hetpiqg 
whom to do what. * 

6.0 CABIE TELEVISION AND BROADBAND 

LOCAL L00P3 . »^ ' 

Many of the library associations have been especially interested in 
the developrnent of cable television throughout the country. There \i 
now a renewed interest in cable television regulation within the sub- 
committee on ^Communications of the House of Representatives. A 
recent report suggests that cable should be unleased to provide the new 
capabilities which have been promised (24). Here again is an oppor- 
tunity to choose sides and enter the fray. However, the development o^ 
cable television as an alternative interconnection for computer 
networks i^ much more complicated than the mere unleashing of the» 
regulatory control by th^ Federal Communication^ Commission. 

In the past few years, the FCC has dMigently tried to regulate into • 
existence broadb'and public channels for use by educational institutions 
as well as municipal and 'public channels. This effort has been notably 
unsuccessful for ajiumber of reasons which are not entirely the fault of 
the regulatory policies of the FCC, First, the general economic 
condition of the country has not been one in which a capital intensive 
industry like cable television can flourish. Second, the industry has 
shown little or no interest in the development of th^ broadband 
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networks which would sei'vice institutional users sucfe as universities 
and libraries, and it has looked upon the requirement of a public 
channePmore as a burden than as an opportunity. Finally^ the users for 
which the channel was set aside, the educational institutions, have been 
remarkably diffident akjout putting forward any organized effort to 
make use of such channels even vyhere they were available. 

yJhe interconnection facilities for such data or video networks can 
/be ^Isjovided as easily; or perhaps more easily, by telephone companies. 
By regWatttJrTtelephone companies are allowed to provide new business 
services althouth they are prohibited from providing cable television 
service in "".the local company's area of service. Thus telephone 
companies are not Irkely to look kindly upon the existence of computer 
networking services provided by competing cable television systems 
without offering private line service to such institutions as are willin.g 
tp pay for them at a cojripetitive or possibly predatory rate. Certainly 
the bankruptcy pf DATRAN is not promismg for the future viability of 
institutions which attempt to compete directly with - the ^T&T 
fapilities; and there are substantial reasons for determining that the local 
loop is far rKore characteristic of a natural monopoly than the long 
lines. - ' \ ' 

Therefoj^vThe so called freeing of cable television to develop 
undeterred^by FCC regulation may become a hollow victory. There 
may be more, mileage In pursuing alternative routes of public irwest- 
ment in broadb%nd local loops for alt kinds of service (25), or some 
form of leverage on the Bell system and its affiliates to install optica! 
- fibres or other forms of 'broadband capability in the local loops as this 
becomes economically feasible as Professor Vivian of the University of 
Michigan has suggested earlier this year (26). Finally, the judicial and 
regulatory restraints might be removed which inhibit Ma Bell, and the 
public might rely upon a truly competitive marketplace. 

7.0 ELECTRONIC FUNDS TRANSFER AND 
ELECTRONIC MAIL 

Another area of interest is electronic funds transfer, electronic mail,- 
and business systems. As usual the real impetus for reform ofl^^the 
system is coming from* those jwho have the greatest economic interests— 
the banks, the credit institutions, and the retail merchandisers. 
Consequently, it is my prediction •that the pressure upon the legal 
system will continue to come largely from these institijtions where "the 
sale of information as a commodity has high economic value. A recent 
decision by the Supreme Court to the effect tha^t termina^s in retail 
establishments constituted branch banks (27) (thus restricting their 
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development across state tines; and withip states which prohibit branch 
banking) will have a substantial ir>hibiting effect upon the development 
of EFTS networks interconnecjing banks and retail merchandisers. 

This may seem i^emote from the self interest of educational institu- 
tions and libraries, but it is not. More, than half of first class mail is 
directly related to the exchange of information about financial trans- 
actions. If this bulk of -mail, which pays its own dosts", is siphoned off 
by EFTS netwoVks, the loss v\;ill hav0 a substantisil second and third, 
degrjife effect on libraries and educational institutions which use the 
mail for exchange of 'books and magazines at a- highly subsidized rate 
(or with a substantial public investment to use a more positive phra^e^. 
fherefbre, the capability of the U.S. mail system of exchange of 
continuing to carry this burdfen will quickly be questioned, 
k What is happening with legal definitions of branch banks may have 
^ some comparable legal characteristics when applied to institutions 
which ha\/e a more direct impact upon your higher education self 
interest. Query: is a library which transmits an instantaneous.cop^K)f a 
manuscript by'fiacsimile a branch post office? If the postal service had 
as much foresight or political clout as the Bell system, the postal 
service's lawyer might easily fargue that case and might draft a 
Consumer Electronic Mail Reform Act of 1977, 8,- or 9. Indeed, in. 
economic terms alone, the transmission- of copies by high speed 
facsimile* will certainly diminish the use of the mails for postal delivery 
of hard copies, and thus diminish the economic base upon which the 
postal service 6veQ now so precariously relies. Colleges and universities 
. wilt want to take'a careful look at what is happening in both electronic 
funds transfer and in the postal service ^to determine where their self 
interest, and that of the public, really liesr ' 

The banks and the teH^hone companies have the resources to 
amplify their message and self interest, but the legal frontiers which are ' 
just now opening up will also make substantial systemic changes in the 
modes in whi^ch educational institutions andjibrarie$ have been 
operating. 

8.0 THE ROLE OF THE UNIVERSITY x. 

IN AN INFORMATION ORIENTED SOCrETY 

Many scholars have observed that the U.S. has nearly passed thd'50% 
mark wherein the economy has become dependent upon information 
exchange as its major source of strength (28). Thus, in the future, the 
transfer of Information is likely to be treated as a commodity on the 
open market for which a. direct value is assessed and collected rather 
than as a public good which is deposited in public institutions and.made 
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available freely without direct cost to the consumer. What is this likely 
to do to the universities and libraries which have traditionally relied 
upon grants, subsidies^ and appropriations that were only remotely 
related to direct use? It is very likely to cause some real soul Searching 
and dislocation of personnel and economic resources. Universities and 
their libraries will have to. accommodate themselves to' the new 
electronic and economic environment in which they will be operating. 

To illustrajie the universities' dilemma, consider the silk stocking 
industry which perceived its mission as the production of silk stockings 
rather than the covering of legs or, more broadly, as the manufacture of 
clothing. Universities face much the'^'^crme opportunity and hazard . 
today in the context of'the opportunities presented by computerized 
information networks and the hazards of. defining one's mission too 
narrowly. Already there are substantial pressures coming from other 
sources than computer networking which question the viability institu- 
tions of higher edOcatioh as they cdrrently e^ist. 

The ivy covered walls of'dcademe into which students disappear for 
a four year stint or more, to be tutored by scholars of national or inter- 
national renown, is being challenged by a student body which does not 
choose to be isolated from the real world for such a long period and by 
an economic envii'onment in which fewer and fewer students and their 
families can afford to pay for such a sheltered and personal educational 
experience. 

Therefore both the preferences of the^students for a different life 
style, as well as the drive of the ecorromics of edLfcation delivery, 
dictate a more flexible environment in which the educational process 
can thrive. Education will be looked upon more and more as an ongoing 
experience which takes place throughout one's life at times and places 
of one's own choosing. 

Computerized information networks are capable of providing educa- 
tional information at the fingertips of the usef^wherever and whenever 
users can obtain terminals to access tije system or systems. How such 
access is to be funded presents a dilemma which must be resolved, who 
is to package the programs that make available the accumulated wisdom 
of mankind is the $64.000 'question (more likely, with inflation, the 
64 billion dollar question) which the current generation of computer 
managers, computer programmer's, librarians, and educational adminis- 
trators must resolve. 

Traditionally we have paid professors modest salaries to produce the 
information ' upon which the world t^urns. They were supposed to 
receive their rewards in heaven or else^where depending upon their 
religious preferences. The amount of direct compensation for^the intel- 
lectual product of universities has been woefully small, and textbook 
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CdSts reflect primarily the price of publishing and marketing the 
manuscripts. With computerized information systems the cost of input 
. and output must be recaptured by someone, but. the monitoring capa- 
bility of the computer system also presents an opportunity to recapture 
the cost of originally collecting the data. Th« opportunity was not 
available to the publishing industry," nor vrfeiWthe educational 'institu- 
tlons under such economic stress to recapture th\s cost. ^ 

Libraries which have traditionally operated ir^a mode of depository 
and freeTuse will find increasing opporti^pities for pricing their product 
by use as well as substantial econooric and political pressures tp do so. 
Already there' is substantial drive in t,he direction of recapturing the 
costs of research and development, the bulk of which is funded (^irectly 
or' indirectly by the federal government, and there is substantial 
pressure frcjn the public in the direction of lowering the tax burden . 
upon citizens. Thus the taxpayers themselves, as they, become more 
sophisticated and organized, are rebelling against a system which 
subsidizes too many costs indirectly with accounting systems which 
measure neither economic nor social value. The universities and their 
libraries are going to-be faced with a mounting pressure to assess and. 
recapture direct costs of computerized information systems. 

Moreover, universities and their libriaries are*going to be faced with 
an agonizing reap^ttisal of their function in society. They will.haveto ' 
decide whether "or not they wish to be the production centers for the 
collection and packagitw and 'programming of instructional and 
informational systems. . Alsbsthey' must decide whether they wish to 
charge non-profit rates, a rate^which reflects funds available for rein- 
vestment in new systems, or turn to the public goffers to seek subsidies 
fo/ the distribution of their intellectual product. How this appraisal 
comes out will, in large measure, dictate the course of the future 
development of the networks W computerized iaformation exchange. r 
The dividing line between what is for profit and what is not-for profit is 
becoming mOre and more difficult tp draw. 

The challenges are great, the opportunities are almost unlimited, and . 
the hazards of failure are considerable in terms of social cost to society. 
University computer centers cannot afford to sit by and wait for others 
more powerful to fight for them. The le^al ar^l regulatory environment 
in which universities will find themselves will be fashioned to fit the 
Tieeds of the more poweVful combatants if the universities do no^ 
fashiQri the environment to meet their own vision'of the needs of 
university networks irj, the discharge of their social responsibilities. 
During the next 12 to 48 months you will li^e an opportunity to 
participate In % great debate about the legal and statutory structure of a 
national communications system. Those of you who are at the leading 
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edge of the technological frontier must not let the decisions be made by- 
others-by default. You have a responsibility to yourselves apd to your 
fellow citizens to help fashion the future. 
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Future Directions in Computer 
Networking Applications 



^.0 INTRCDtJCTION ^ 

A note on the perspect^e of the auttior may be useful to the reader 
of this paper. Jim Miller*interested me in EDUCOM at the time of ^ts 
founding and gave me the opportunity of bejng an active participant in 
EDUCOM during its tormative years. After about six years of active 
participation, I was away from EDUCOM about six years. Larry 
Roberts gave me the opportunity of succeeding him as Director of the - 
Information Processing Techniques Office of the Advanced Research 
Projects Agency and thus of gaining, over a period of about two^ y^ear^' 
intimate and intensive experi^i^e with the ARPANET and other tech- 
nological advances in computers and communications that Larry and 
his ARPA colleague^ have inspired and supported* With the perspective 
that a year back at an EDUCOM member institution has given me, I 
want to incorporate' some of the ideas derived from the ARPA 
experiience into comment^ directed T^s^PCOM, 



NSITION 

In her paper (Chapter 3), Anne Branscomb emphasized the critical- 
ity of the next few years. They are critical. Higher education is in a 
transition between two eras in the development and application of 
computing, and the shape of the second(era will be determined in large 
part by decisions made during the transition. ^ / 
• During the first era, now ending, the crucial lector (Was the thrust of 
computer technology, and the main problems that had to be solved 
were essentially technological problenps relating to the development of 
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capability. During the second era, now^beglnning, the crucial factor will 
be the reaction of society. The main problems 'that will have to be . 
solved will be essentially social problems^relating to acceptance, assimi- 
lation, and impact of computing technology. 

During the first era, the main impact of computers was to change the 
way industry and governfnent carried out basic,* established functions, 
such as payroll, inventory, and- process control. Computers did hot 
enter directly into the life-spaces of most people; they d*id not interface 
directly with many people who were not computer students or profes- 
sionals. During the second .era, computers will create new functions,, 
such as: teleconferences, in which the participanls|^o not have to meet 
in either space or time; computer-based mykets^for consumer goods 
that mediate between buyers and sellers in the manner of the stock 
market; and knowledge bases that go beyond storage and retrieval into 
the organization and application of the world's corpus'of information. 
G9mputers will interface directly vyith as many people as can acquire 
the requisite informational skills and adapt to the technology whether 
. it is cold and impersonator warm, friendly, and ultrahLflnanly helpful.^ 
During the first era, most corpputers were readily identifiable as 
corrfputers. During the second era, most computers will either be butlt 
into systems (such as -automobiles and heating-cooling systems) or- 
devices (such as toasters and caraeras) or integrated with communica- 
tions to form networks. 

The decisions made during the transition between the two eras will 
shape and constrain, to some extent irreversibly, the mOst important 
* parts of the future of mankind: the parts concerned with communica- 
tion/^formation, knowledge, and the intellect. There are two main 
■ roles for EDUCOM to play in the declsToh' process. The first, urged by 
Anne Branscomb, is to represent the interests of the discoverers, organ- 
izers, preservers, and disseminators of knowledge to try to ensure that 
those interests are at least protectecl and, if possible, advanced. The 
second is to contribute to the structuring of the decision protess, itself, 
by analyzing and clarifying possible courses of decision and action and 
predicting their Impacts upon society and mankind. 

fn the following pages, some observations about the future of 
computer and communication technology ara made with the hope of 
convincing the reader that the stakes are high and that the technology is 
willing and able if people'who gse it are willing and wise. Th^n three 
very significant issues are presented briefly. Finally, EDUCOM Is urged 
to play as active a part in the national decision process that is shaping 
the future of networking as it 1^ already playing in the fostering of 
networking to serve the needs and purposes of education and research. 
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3.0 THE FUTURE OF COMPUTER-COMMUNICATION 
TECHNOLOGY 

Although an essential part of this message is that It is high time to' 
turn most attentiorh from the. technology to its organizational, disciplin- 
ary, and social impact, a few respects should be paid to the ^oose that 
lays the golden eggs: the technology that provides'ttie necessary basis 
for the Informational revolution. . o - 

3:1 Cost-Effectiveness 

The old rule of thumb about the cost-effectiveness of computer 
hardware. still Holds: overall computing capability per dollar continues 
to double approximately every two years. If that exponential course Is 
not followed through"^the rest of the century. It will be because technol- 
ogists did not try intelligently enough rather than because they 
encountered fundamental limits. Viewed microscopically, the advance, 
of computer hardware technology is the progressive improvement of a 
specific sub-technology: increasing the reliability of vacuum tubes, 
decreasing the size and cost and increasing the speec^of magnetic cores. 
Increasing the density of the elements on LSI* chips, and so on. Viewed 
macroscDpically, the :advance is the replacement of one sub-technology 
by another that is inherently more cost-effective; vacuum tubes by 
Individual transistors; individual transistors by integrated semi-conduct- 
or circuits; and cathode-ray memories (Williams tubes) by core 
memories by semiconductor memories, et cetera. The long-term future 
of computer hardware lies somewhere in a. combifiation of new 
processing technology and new architecture for information processing 
system's. New processing technology includes, electron beams, xifays, 
nonlinear optical phenomenon, three-dimensional structui'e^ and 
storage in and processing by individual molecules. New architecture 
includes: parallelism, intermixed memory and -processing, cellular auto- 
mata, distributed systems. Policy toward basic research and exploratory 
development is therefor^ more crucial in determining the long-^term 
future than is the more massive, but less* far-sighted, drive of the 
marketplace. * 

3.2 Consoles 

During ''the last few years, computer consoles (terminals) have 
decreased in price by about 25 per cent per year (less rapidly than 
jg^cessors and storesf and the ^ionsole market measured ih'dollars grew 

* Large-scale integration of digital processing and nneroory elements on chips of 
semiconductingjTjaterial. 
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about 25 per cent per year (ggLft-t^P*^*^''^^^ ^nd stores). 

If that trend holdv^Dii-^'^'^er^re now (as surely there must be) one 
hundred Jtio«5^nd!consoles in the United States, there will be one 
console per person' in the U.S.A. well before the end of the centur^?. 
Lest that prospect seem both unlikely and bizaVre, consider the trend in 
pocket calculators, of which there may be one per capita by 1984. 
Future consoles and pocket calculators (i.e., pocket computers) may be 
capable of very significant processing and storage, and many may be 
programmable. Whether or not those potentials are realized will depend 
on social and educational factors more than on technical factors. At 
present, the average person is^not much interested in the things that can 
be done with either'consoles or computers; the instruments are not now 
capable of fulfilling functions or delivering services in which the average 
person is much interested. But interests can change, or be changed, and 
functions and services can be developed. During the next few years 
people will decide whether the processigg/ofNnformation will progres- 
sively displace the possession of matter and the expenditure of energy 
(e.g., automobiles and driving) from the focus of our attention. If they 
decide to move toward information, there will be consoles and 
computers everywhere.* 

3.3 Processors and Random-Access Memories 

At present, there Exists a gross disproportion inN^omputer 
economics. It is as though, at a restaurant, the entree were /en cents, 
the cover charge a dollar, each vegetable ten dollars, and ^W^^ ^^^^ 
ten thousand dollars. A microprocesso/ or a block of rancWi-access 
memory Is an LSI chip, and an LSI chip costs ten dollars. A mini- 
computer is a few chins in a box, and it costs.a few hundred dollars. A 
minicomputer system^is a minicomputer plus a few peripherals and 
costK a few thousand dollars. A number cruncher is the Ibgical equiv- 
alent of a few hundred chips in a big box plus more, and more potent, 
peripherals; this costs a few million dollars., It is almost inconceivable 
that one can get so much function per unit cost on a single chip. 
■ Further, it is almost inconceivable that a real, wofkinstcomputer system 
can be As expensive as it is. The catches are: 1) that the function on a 
'^semiconductor chip is cheap on the chip but dear to get off the chip; 
and*2) that .cabinets, disk drives, tape drives, paper tape readers and 
punches, and (despite the downward trend of cost) even the simplest 
consoles are much more expensive than are .the basic semiconductor 
essentials., ^ 



• Molt consoles will contain computers, and most computers will be designed to 
be connected into networks^ 
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At first thought, it seems obvious that effort should be diverted 
from further development of LSi processors and memories to solve the 
problems of chip interconnection^ subsystem packaging, and peripheral _ 
stores and consoles. Before taking' that coarse, however, one should 
consider the possibility that some of those problems will vanish if chips 
can be made denser and denser, as they can be (down to some as-yet- 
not-understood Jimit) with electron-beam gnd x-ray fabrication 
techniques.^ * 

There appear to be two very important near-term opportunities: 
1) to increase the density of LSI to the point at which a very capable 
minicomputer with many thousands of words of memory becomes a 
microcomputer, fitting onto a single chip and thus into a matchbox 
(which would eliminate ir solve the chip-interconnection and 
sub$ystem-packaging problqF>«); or 2) to learn to make many identical 
microcomputers work together as a Single megacomputer without 
elaborate interconnections (perhaps by building a pocket-radid system 
into each 'microcomputer, putting many microcomputers into a 
shielded box, and achieving the required cooperative interaction among 
tlrem through programming). In any event, small processors and 
memories Sre doing extremely well. 

3.4 Less Than Fully Random Access Memories 

It seems to be a principle of nature that large, inexpensive memories ^ 
(or storage systems) must fall -short of fully random access. Typically, 
such memories are organized hierarcfiically, providing slow random 
access to a block of storage cells and then fast sequential access to the 
successive cells of the block. Promising technologies for such memories 
include magnetic bubbles, electron-beam-accessed memories, . anti 
charge-coupled devices. One additional approaches also being explored 
by ARPA. 

The plastic-disk TV-playback devices now being introduced into the 
home information-entertainment system market are truly remarkable 
from an information-storage point of view. One disk about the diameter 
of a 33-rpm phonograph record, and much thinner, holds 30 rT^inutes 
of videq-plus-audio program (analog information) which has a time- 
bandwidth product of ^bout ten to the tenth power and corresponds 
(according to a conservative engineering rule-of-thumb) to about ten 
billion bits. Ten billion bits can be visualized as 300,000 typewritten 
pages of non-redundant text. The TV-playback devices, mass produced, 
* provide a mechanical system capable of supporting 10-billion-bit 
selectivity for less than a thousand dollars. The audio plus video disks 
cost about one dollar apiece. The ARPA project hopes to achieve digital 
read-write capability using this technology. If successful technically 
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and in the merket, this new technology could cost as little as 10"^ 
cents bit for the device and 10"* cents bit for the disks. Thus' the entire * 
device would be less expensive than the typing paper required to hold ^ 
the alphanumeric contents of one disk. ' 

3.5 Transmission ^ 

Of the three basic informational operations involved ill networking- 
processing, memory, and 'transmission-transmission is progressing the 
least rapidly. Future technology 'of transmission will include satellites, 
cables, waveguides, fiber optics, electronic circuit switching, and other 
technological advances. In this paper, discussion is focused on the<,fact . " 
that the future developments in transmission capabilities of networks 
will be in the field of. telecommunications, rather than the field of / 
computing. Telecommunications and computing are very different 
fields. They are different with respect to age, style, rate of change, 
monopoly, and operation or regulation by government. The fact that 
networking necessarily involves these two fields accounts in consider- 
able part for the ongoing transition from technological domination to 
sociopolitical dohiination. 

However dissimilar, the two fields are strongly interdependent. The 
telecommunication switching function, whether circuit or tpessage or 
packet switching, is essentially a computer function, and the only 
reasonable approaches to communications security involve digital 
processing and storage. Furthermore, if computers are to reach out to 
users, or if computers are to respond to sensors and control effectgrs, 
they must do so through communication channels. The two fields must, 
interact. It will be interesting, to say the least, to watch the interaction. 

3.6 Software 

Networking places new demands upon the most complex and least^ 
vyell mastered of the computer arts. The demands are most stressful in 
nonhomogeneous networks in which the interconnected computers and 
their operating systems, data management systems, and programming 
languages are diverse and designed for independent operation. Processes 
have to cooperate with .one another despite geographicaj separation, 
variable transmission delays, and occasional failures of computrr and 
communication hardware. Users want to understand what is going on, 
especially what is going wrong, without learning all the technical details 
of several different computer systems. If^no system consultant is avail- 
able, the software may have to tutor the user in its use. It would be. 
helpful if it could answer questions gbout itself-as a few research-level 
programs now can. 
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As networking advances, the amount of diversity within networks* 
will probably decrease. Operating isystems and data management 
systems will be designed o^ adapted to support networking. The 'several 
icomputer systems in a network will tend to adopt one or a few 
common programming languages, which themselves will be augmented 
•with networking primitives!" In many cases, users will be screened from 
dealing with the network qua network: they will simply interact with 
their consoles, perhaps not even being aware that processors thousands 
of miljes apart are cooperating in their behalf. 

Underlying all the' foregoing is the question of how homogeneity 
and coherence will be achieved. Will it be achieved through: a "bottom- 
up" evolutionary process** 'in which people are driven to standardiza- 
tion by the frustrations of the Tower of Babel; or through a planned, 
designed, optimized "top-down" process involving "leading standards" 
and requiring a combination of genius and luck to avoid global 
mistakes;*** or through some compromise approach? 

The evolutionary approach has the advantage of not having to be 
planned. Already there are dozens of networks/*** highly hetero- 
geneous and mainly independent of one another, serving banks, airlines, 
time-sharing companies, stock markets, communications, and research. 
Progress In standardization has been made mainly at the lowest levels ' 
where, without standardization, there can be no communication at all. 
4f all the various companies, consortia, iand countries that want orjieed 
networks build indepeff^dent ones with nonstandard protocols, the 
"software problem''— which is even at present being viewed with much 
alarm— will rise in a great crescendo of complex confusion. 

4.0 SECURITY, PRIVACY, AND CONTROLLED 
SHARING OF INFORMATION 

Probably the least satisfactory area of networking technology is 
computer system and network security. Security is in a bad state largely 
because it is difficult for people to understand its crucial importance in 
the network picture. The topic does not haije a priori appeal to adminis- 
trators and managers; it sounds negative and secondary. It is easy to tell • 
oneself that the first thing- to do is to get the network to function; 
Later there will be time, to worry about making it secure. But the fact is 



* Within the loWest-level networks if there is a hierarchy of networks. ' 
•• Note that evolution has no way of planning ahead or working "top-down". 
••• Because top-level decisions, are made on a project-wide basis before anyone 
has gained experience by implementing and operating low-level subs^^t«ms 
and components. 
*••• But not yet dozens of packet-switching networks. 
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that lack of atteT^tion to security in the basic design of ^ network noj^ 
only jeopardizes the informational privacy' of individuals anc^^e 
security' of proprietary property but tends to preclude intentional 
sharing of information and may even kill the networks* 

^That computer system 4^d network security is in a bad state is 
evidenced by the frequent reports in the computer and general press of 
invasion of privacy in data banks and of computer fraud. During the 
last- several years the Information Processing Techniques Office of 
ARPA has supported a series of "tiger team" attacks on the security of 
selected computers, attacks designed to test the degree of security 
provided by operational systems. In Ko case has the. team been unable 
to penetrate the security of the target system. 

Some research and development work has been done and more is 
being done in the security area'. .IBM has for several years supported a 
program at a level df at least $5 million per year, but much of it isr. 
focused on improving the security of existing computer operating 
systems. Unfortunately, it is essentially impossible to render secure a 
complex system desired without much consideration for security. 
ARPA and the three armed services have been supporting smaller 
programs aimed, in part, at testing and improving existing systems but 
mainly at: -1) radically simplifying, clarifying, and then perfecting the 
mechanisms of access control' in operating systems; 2) developing 
communications security techniques for packet-switching networks; 
and 3) creating formal models of access control Vi8"thm which it is 
- possible to prove security in approximately the same way as, in a few 
simple instances, it has been possible to prove the correctness of a 
computer program. In 1975, the Matronal Bureau of Standards 
proposed a standard encrypting algorithm, implementable on a single 
LSI chip, for use in commercial applications requiring digital communi- 
cations or storage security. The federal intelligence agencies have also 
dealt with both computer and communications security and with the 
problems of ensuring it and compromising it. 

Despite the efforts, network security is so poorly developed that any 
organization with valuable proprietary information to protect is • 
strongly inclined to keep it insofar as possible under its own control. 
Banks, for example, are creating theic own networks for electronic 
funds transfer (EFT) rather than trusf a general or common network. 
However, the lines are of course leased from common carriers. IBM 
operates a network connecting'^its branch offices to its data processing 
* headquarters, a network dealing with orders, system configurations, and 



• Cf. Congressional action in the case of FEONET as proposed in 1975 jointly by 
the Government Supply Agency and the Oepartment of Agriculture; 
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progress through the sequence- of sales^ manufacturing, testing and. 
delivery. Again the company's own network is constructed out of 
leased channels. Whether or not such networks are actually secure, they 
have a great psychological advantage over rnulti-organizatidnal networks 
until the latter can demonstrate convincingly very high degree of 
security. Thus the present inadequacies of computer ^y^stem and 
network security are contributing to a proliferation of independent, 
diverse, Ad nonconnected networks. The proliferation of independent, 
diverse, and nonconnected networks will constrain the future of 
networking, precluding the economies of scale, the efficiencies of the 
Law of Large Numbers, and the advantages of intential sharing of- 
information that could be enjoyed or provided by a coherent, common, 
general-purpose network. 

5.0 ALTERNATIVE FUTURES IN NETWORKING 

To describe the future of computer networking, it is useful to 
consider three alternative futures, or three very significant issues which 
cover separate effects of future networking. First, what kind of 
network will best serve the nation and society? Second, what new 
possibilities for communication among people are offered by future 
networks? Third, what impact will networking have on the organization 
and distribution of knowledge. . . • 

5n Future Kinds of Networks 

What kind of network, orVvhat kinds of netw§rks, will best serve t^he 
nation, the society, people? What is the best approach to achieving it 
or them? This issue embraces: 1) the conrvpetition between circuit 
switching and packet switching; 2) the controversy over entrepreneur- 
ship, monopoly, and regulation; find 3) the question of over-all network 
configuration. 

There appear to be three main kinds of network configuration: 

• A multiplicity of independent, heterogeneous, and largely non- 
interconnected networks. Separate networks might exist for EFT, 
travel reservations, electronic messages, home entertainmetit- 
information systems, interlibrary loan, and so on. 

• A multiplicity of independently operated networks governed by 
* uniform standards and protocols that facilitate interconnection 

through "gatekeeper*' computers programmed to provide 
two-way access control. For example, many business organiza- 
tions might wish to tie their networks into^the airlines' network 
for the reservation and ticketing function but to preclude other 
information flow between the networks. 
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• A coherent ''network of networks'' featuring dynamic inter^ 
connection and controlled sharing under a global security sysfem 
and global privacy protocols. 

Obviously, intensive study and wise decisions are required in the near 
future to determine which way to proceed. With respect to the first 
kind of configuration,, it is necessary to weigh the difficulty of 
intentional sharing and the inefficiency due to lightness of load and 
redunc^ncy of facilities that characterize independent networks against 
their security advantages, realtor imagmed, With respeGt.to the second 
kind, It is necessary to explore intensively the problem of interconnect- 
ing ' variously dissimilar networks in order to find the necessary and 
sufficient conditions for internetting with specified limits on jdelay, 
inefficiency, and overhead. With respect to the third kind, it is 
i^ecessary to determine whether or not a coherent, common, general- 
purpose network with extremely secure control of access and with 
thoroughly satisfactory guaraotees of informational privacy is feasible! 
Overall, it is essential to evaluate the alternatives in the future of net- 
working before the succession of events in the • marketplaoe has 
narrowed the range too far. Possibly only poor alternatives- could 
remain. 

5,2 Future Communication Among People 

Networking opens up exciting new possibilities for communication 
among people. The sirrtplest of these, essentially a rechanneling of 
establishei;! forms and procedures, is electronic mail. Others i.nclude: 
teleconferencing (both concurrent and nonconcurrent); communication 
via executable programs or models (which ask questions and accept 
answers or display dynamic charts and figures); dialog with reference to 
shared information or knowledge bases (a two-person journey :throug^> a 
structured information space, with one person leading first, then the 
other, then perhaps the computer); and cooperative creative effort on 
the part of geographically separated t«rfrn members (for example, 
distributed team^programming). 

There Is at. present considerable Interest in electronic mail in the 
U.S. Post Office and in several of the computer companies. It is likely 
that one or more organizations will move aggressively to market a 
simple electronic message service In the near future. Would such action 
preclude, or seriously postpone, the development ar)d use of the other 
modes of communication which would introduce new dimensions of 
human interactions instead of merely speeding-up a mode that used to ' 
be^ reasonably fast and inexpensive but has fallen into a serious 
regression? Would a foray Into netvvorking bail the U.S. Post Office out 
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or sink It? Is message .service a proper natural monopoly, or is it a 
proper arena for pluralistic enterprise? Should message service stop with 
the delivery of the message, or should it extend into storage and 
retrieval and facilitation of reply? What aboOt security and privacy? 
Wh^t about security classificatiort (secrecy)? Finally who, if anyone, 
will speak for the private Citizens who, and the very small businesses 
whichf, would have to underwrite the cost of paper mail if l^rge organi- 
zations with computers that can afford satellite antennas were to desert 
paper mail for electronic mail? . * 

5.3 The Future of the Body of Knowledge 

The computer has introduced new ways of structuring and storing 
information that do not suffer the one-dimensional constraint of text 
or the two-dimensional constraint of diagrams and pictures. In the 
computer, a multiplicity of interrelations can be represented at the 
same time, and statrc forms can bd translated into dynamic forms 
through the execution of simple programs. As yet, although computer- 
program modeling is on the rise, 'the new capabilities have had an 
amazingly limited effect on the way the bulk of human knowledge is 
* structured, stored, and accessed. Evidently, it takes a long time for even 
the most potent of ideas to move from feasibility dpmon§tration to 
widespread use. 

During the remainder of this century, however, there is time and 
Qpportunity for a revolution in the organization as well as in the distri- 
bution of knowledge. Almost surely, dynamic models and knowledge 
bases will be, prominent in the armamentarium* of knowledge 
techniques,* but the new knowledge technology is not yet clearly 
enough defined to try to sketch it here. It will grow, with some input 
from modeling and data management, mainly out of the field of 
artificial intelligence, ' 

r 6.0- ROLES FOR BDUCOM. 

EDUCOM's most sJccessful roles have been: 1) facilitation fof the 
.transfer, of computer^nd communication technology into the kervice 
of education and research in its member institutions; and 2) rejtfresenta- 
tion of the interests of education and research) (especially universities 
and libraries) in the national decisfpn procest arnHn^h^-^arketplace. 
Mn connection with the first role, the netwolfk arrangements involving 
member institutions and TELENET, whicjl dould not have progressed 
as rapidly or as well without a consortium, ar^ beginning to have signifi- 
cant practical and beneficial effects. In connection with the second 
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role, recall that, a few years a^o, EDUCOM almost singlehandedly 
convinced Congressional committees not to move forward with what 
would have been very unfortunate copyright legislation relating to 
computers and networks, and note with satisfaction that the recent 
legislation was rather noncommittal in the'' computer and network area, 
where it would have been much easier to do harm than to do, good. 

The role that I want to urge upon'EQUCOM is related to the second 
of the two roles mentioned; it would be played in the theatre of 
national decisions, but it is different from representing the interests of 
constituents. The role is to facilitate and to improve the national 
decision process, especially in the areas of computers, communications 
and networking. Perhaps some of the new techniques of those fields can 
be applied to the task. At the same time, the r<^le is to ensure that fair 
weight be given to intellectual values, to the , quality of life, and to 
educating and informing (as distinguished frpm propagandizing and 
entertaining) the citizens and to giving them Input ai well as output 
access in the networks of the future. / 

Anne Branscomb's paper presented a deaf sketch of the decision 
prpcess that, unless something is done 'to inAprove it, will shape the 
future 6f networking during the coming year^. The FCC likes to see 
some cofVjpetition. Ma Bell is moving the scene. of battle to the Hill 
IBM is trying to get into satellite communication without getting 
regulated. The publishers are concerned abjout what computers and 
networks wilt do to royalties on intellectual property, i.e., on works of 
authorship. The U.S. Post Office is worried about what electronic funds 
transfer will do to the volume of mail. Libraries ought to worry about 
that, too, for if the U.S. Post Office toses the check transportation 
business, the price of book transportation will go up. Every industry, 
every institution, and. every organization has an intei-est to prpte.ct or 
to advance. Some are in there, vigorously protecting or advancing. 
Others, like-universities, are not yet well represented in the fray perhaps 
becajjse they have not yet realized that vital interests are at stake. 

The suggestion that EDUCOM^ should formulate anc^lphold the 
interests of universities and libraries in the adversary decision process 
has much merit, and I concur in urging that EDUCOM redouble its 
efforts'along that line. However, if the national decision process is to be 
successful in defining a national interest in networking, the»process has 
to be -more tharya battle among special interests. It must be structured 
by modeling and analysis of alter()atjve futures. It must give more 
weight to tfie public interest, if the public lnterest can tifi formulated in 
negotiable terms, than to any alliance of special interests. It must tike 
into account the contribution of networking to national strength; on 
the one hand, and to quality of life, on the other. A great role for the 
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universities, therefore, may be Ito advance the understanding ol^ the 
^ social impact of netwoYking andjp introduce the advaK^ed understand- 
ing as forcefully as p^sjble irTttTthe national decision process; A^reat 
role for EDUCOM flfay be: to foster and to help organize a s^^opger 
constructive effortj^ the universities; and to facilitate, perhaps even to 
provide new channels for, the flow of the results of that^fort into the 
, national decision process. 
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1.0 CAPABILITIES OF DISTRIBUTED 

COMPUTER NETWORKS ' ^ " . 

.There is broach-appeal 'to all kinds* of ^'c^sers in th^. concept -of tVfe 
distributed computer network, as contrasted with shared use of a 
rfipnolithic central system. Users insjjnctively feel they can have^more^ 
control over a local computing resource ^han over a central on'e serving 
multiple users. They can control its responsivene^^ to titeir needs;l)oth 
for fast response op&ration' aod for the 'development of nevy .appli.ca- 
tipns. They can better control its integrity arid^seCurity. ^They expect^ 
that they will' be charged fairly for its use, and not be subject" to* 
unexpected charges rejjulting from er(;9« in an\obscjjrfe resource 
accounting and billing system. They .wilknot have pay for overhead 
resulting from the inefficiencies of systems programs desfgned to handle 
large numbers of concurrent pt^ocesses in multiple modes of use. They 
will nt)t have to pay ^or unnecessary tomi;^iunications. They expect to 
experience qreater .availat>ility; While they rarely expect to have 
redundant equipment themselves, they htope that (f their equipment 
fails, they will be able^ to connect their terminals to oti^er similar equip- 
ment "fend share its Ijse .until their ownjs repaired. At the same time, 
they^ hope to avoid the excessive equipment investment needed for 
'handling (Deak" loads by borrovying capacity from othew during*peak 
periods. \ ' ' . 

[ Because of this broad appeal, there have bfeen'numerous experiments 
with distributed computer networks in the educational community, in 
large business organizatipns, and in engineering and scientific establish-; 
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*ments. These experiments have produced both successes and ifailures, " 
and it is possible to generalize about the relative capabilities of 
distributed computer n^works as contrasted with those of general- 
purpose multi-mode systems^ and about the problems and opportunities 
that lie ahead. 

Distributed computer networks have proved capable of providing 
three classes of data processing environments; 

• For Qompfetefy independent applications. Eac^^^user. implenn^nts 
his or her own application, .and sharing is arranged infornnaMy. 
ARPANET is the prototype of this class of network. . 

• For local portions of centralized applications. There is already 
widespread use of interactive data entry systems, point of sale 
processors in retail stores, and similar local equipment clusters 
connected -<o central hosts. The local equipment does all it can, 
reducing the role of the central system and o^^mmunications witli 
it* to a minimum. Usage is particularly widespread in Europe, 
where communications costs are high and thfi local-manufacturers . 
Bcfi best able to provide smaller systems. Such a network is hier- 
archical" rather than fully distributed because it still depends on a 
monolithic general-purpose machine at the center, but it can 
provide a substantial part of the potential benefits of distributed 
processing, 

• For single applications in which the files can be segmented. 
Generally of the resource assignment type, these include such 
applications as hotel reservations (where each hotel keeps it5 own 
reservations file in a minicomputer system) and banking (where 
each branch cof a bank keeps its own depositor file). A transaction 
can be entereThto the network at any point and can be routed to 
the proper machine for processing. However, so far such applica- * 
tions have been restricted to those in which the. transaction 
itself identifies the location of its file (e.g., the customer's bank 
account number, or his Blue Cross-Blue Shield member number, 
identifies the location of the system in which his record is 

. stored). 

Distributed computei' networks have proved unable to provide two 
other classes of environments: 

• The large-scale computational facility .needed for ex.tensive 
mathematical work or for high-volume batch processing runs. A 
user can, of course, arrange for the connection of his or her local 

, system to a very large remote computer for operation in the 
remote batch mode, but the resulting arrangement is hierarchical 
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and subject to the congestion, overhead, uncertain service, etc. 
associated with use of a centralized general-purpose system. 

• For complex applications whose files cannot be completely 
segmented. Airline reservation systems must display identical 
records of rapidly changing information to all terminals; it is 
almost impossible to conceive of a way tg distributg such a fife. 
Most manufacturing applications require simultaneous availability 
of multiple files' (customer records, open order files, inventories, 
. ^ production plans, raw materials Offers, accounting data). Such 
^ applications require the use of sy^ems fJrogram§ for data base 
management. A given'process may requfw reference to any of the 
files, so it is not possible to distribute them' without retaining 
(and maintaining) voluminous ^indices to the locations of all 
records, which 15 usually impractical. These applications exist in 
engineering (design automation) ^and computer science (shared 
libraries of models, programs, etc.) aSi well as in industry and 
government; they make up the largest part of the data processing 
market. Distributed^ computer networks will not COTi5titute a 
general alternative to centralized general-purpose computers until 
they can handle the logical complexities of these applications* ^t 
least as easily, * - ^ ; \ 

2.0 PROBLEIViS OF DISTRIBUTED 
COMPUTER NETWORKS 

Users of distributed cpmputer networks have also found that the 
hoped-for economy and simplicity is not always achievable. 

2A Costs 

Costs are not always as loW as hoped. If the local computer is to be 
versatile and support Pnultiple modes of use (batch, time sharing and 
perhaps transaction processing). It cannot be below a certain' size. It 
must have a large memory to contain the necessary systems programs 
and probably an extensive complement of peripherals. \x typically turns 
out to be at least a Decsystem-20 or a ^Hewlett-Packard 3000 and 
usually costs over $250,000; it is much more than a "simple minicom* 
puter." In fact, total equipment costs usually tui-n out to be about the 
same between a central* general-purpose computer and distributed 
smaller systems: the small systems gain 'in computer power per dollar, 
but lose in total peripheral* equipment costs where the larger devices 
still offgr economy of scale. 
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2.2 Ea^of yse / o 

Smaller computers are' of ter;7more difficult to use. The language 
processors, telecommunications-.^ystems programs, file processors and 
operating systems of the gene(:|it-purpose systems have evolved to a high 
level of functionality over the/years. Users often do not appreciate their 
merit until they try 'to use .tfie more limited products offered with the 
smaller machines. This situation will improve with time, but^the 
providers of jystems programs for the smaller systems will obviouslvT 
have a hard time catchjng up with the systems programs offered for 
large general-purpose sysljjjps, particularly sihcp the large manufac- 
turers' systems prograpis are continually evolving. 

2.3 Freedom ^ / 

Finally, users fjf distributed conQputer networks have rarely found . 
the complete freedom they have hoped for. If they want to intercom- 
municate, they/ must abide by common communications standards. If 
they want to ifse o>je another's machines, t^ey must abide by common 
programming/fanguage and configuration 'standards (at best) or use 
identical syltems from a common manufacturer (at vyorst). If the 
applications they develop are to be understood by others, for their own 
use or for modification and maintenance, the applications must be 
prepared and documented in 'meticulous conformity with corfimon 
standards. The proponents, of , a netwoYk which is to provide all these 
services-intercommunications, equipment sharing and application 
:i*taring-find themselves with a rtiore difficult" management problem 
than they had with centralized general-purpose systems, where users 
were automatically constrained by its standards. 

Until distributed computer fretworks 'have the ability to handle 
.'complex applications conveniently and flexibly, the^'general-purpose' 
.^system will remain the dominant data processing tool. However, its 
dominance will be^adily eroded as more and more users adopt 
distributed compfifteTnetworks for the applications they are able to 
handle. Such adoptions are being fostered by several of the computer * 
manufacturers, whose approaches are illustrative of the present state-of- 
the-art in computer networking. 

3.0 STATE OF THE ART IN COMPUTe'r NETWORKING 

One approach is to providi thq interfaces and systems programs for 
interconnecting smallxOTiputers, and then invite users to develop their 
applications as best they can with the limited software tools available 
for the smaller- machines. This approach is typified by Digital Equip- 
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ment with its DECNET offering, and has been successful^ with users 
who are willing to be pioneers, such as EDUCOM, Citicorp and Bank of 
America. (which employs General Automation minicomputers). Follow- 
ing this approach, a competitor hopes to get an early foothold in the * 
market and later expand it as more versatile software tools become 
available. 

A secopd approach is to concentrate only on applications which are 
within the state-of-the-art of distributed computer networking, pro- 
viding complete software for them, and hoping to grow through early 
dominance of a market which (though specialized) is amply large. NCR 
is the main proponent of this approach, offering packaged networks for 
retailing and banking applications. Our studie^ indicate a great deal of 
growth in store for these application areas as electronic funds transfer 
netWorfcs evolve; if NCR could dominate the area^ it* should be able to 
grow substantially without having hnajor positions elsewhere. 

The third approach, represented by IBM's SNA, is to slowly move its 
systems programs for complex applications ^outward from the central 
general-purpose, computer as the state-of-the-art permits, without ever 
offering systems programs of lesser functionality. This approach 
recognizes that most us^rs are neither willing to be pioneers nor are*ln 
industries having ortly simple'applications. Most users are believed to 
want the best software tools avaitabte for their applications, above all, 
and are expected to wait for the full benefits of distributed computer 
networks until the networks can offer the best software tools. A 
cohnpany following this approach is, of course, not precluded from 
following the other approaches in'parallel as IBM may do. 
^ To summarize, distributed computer networks have already made 
considerable inroads into the dominance of the centralized general- 
purpose computer, and substantial opportunities for further growth 
exist within the present state-of-the-art. 

The general-purpose system will hold its own fairly well, however, 
until network systems prograrris are available for handling complex 
applications in a t^nsparent, integrated manner. These will evolve only 
slowly and may not be perfected for five years or more. In the mean- 
time, the users will be offered a^confusing but rich diversity of alterna- 
yt^ves by the manufacturers. 
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by Peter P. M. Melncke 



Overview: Cataloguing, Reader 
Services, Management, Future 
Developments 

9 * ' ■ 

• * r ■* * . 

. * ' 

This set Of papers covers current arid future roles of computers and 
computer communication networks injjbrari'es and the impact on 
resource sharing among libraries. CprrentW available services and 
activities, the impact on library opera^ns including costs and benefits, 
and the increased opportunities l6r resource sharing among libraries are 
described in three broad areas: cataloguing; reader services; and manage- 
ment. The last set of papers is devoted to a discussion of possible future 
develppcpents. 

' The greatest impact of computers oh libraries has been in the area of 
cataloguing. The capability of sharing cataloguing information through 
computer network facilities has significantly reduced cataloguing costs 
and tOi a much greater uniformity of bibliographic standards. The 
introduction of on-line termin"als is also bringing about a major reorgan- 
ization of cataloguing activities. ' 

There have been significant effects on library services available to 
readers as a result of the introduction of conynerciaf information 
retrieval services, on-line and microform catalogues, computerized 
circulation lystems. and data banks. These effects have occurred in 
libraries of ail sizes and a variety of stages of automation. Papers on this 
topic review the impact of these services on 'the library staff and users 
and the pros and cjons of charging for various services. 

Functioning library computer networks have run into many of the 
classic problems of resource, sharing among the autonomous institu- 
tions; for example, management of the facilities, setting of priorities, 
charging fo^ services, setting of standards, etc. The libraries also face 
new problems such as charging for catalogue data which, in many 
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instances, has been regarded as a free good in the past. Loan informa- 
tidn/ holdings information, and other data captured during the 
cataloguirig process are only a few of the many n^^agement informa- 
tion items that automation will provide, and which could have very 
significant impact on the administration of individual libraries. Papers 
on this topic discuss the problems of shared use of facilities, and 
resources, and the impact of isuch management Information on library 
administration. ^ . ^ , ' 

As library operations are increasingly affected by computers and 
computer networks, .alternative futures became blearer. Choices are 
being macie now which may lock us into or>e" or ariother of these, 
futures. To explore possible futures^ authors discuss: the potential 
impaqt of ""known technological advances (such as very cheap mass 
storage and communications); the potential impact on the ultimate 
users of the information, and the staff required to serve them; library 
organization and staff training; the cost of operations; ^nd strategies for 
the introduction of automation. 
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Chapter 6 

by Jack fain 



Standards and Identity 
in Cataloguing 



/i.O THE PROBLEM OF STANDARDS 

The chi^f difficulty with current s-tandards which affect cataloguing 
is that they are not keeping pace wi^th the developmenfl and impact on 
the cataloguing process of automated techniques. 

The^rocess of arriving at standards is sfow and arduous, especially 
Since data exchange is becoming more and more 'international. Already 
there are five authors of the Anglo-American Cataloguing Rules 
(Library Association (Great Britain), British Library, Library of 
Congress, American Library Association, Canadian Committee on Cata- 
loguing (representing three national bodies)), and more are knocking on 
the door for a voice in the revision, now underway, of this code. 

Various standards, all of which affect cataloguing in some way, aye 
being developed by separate bodies with often conflicting results: a 
series of standards'for descriptive cataloguing for different categories of 
library material, called ISBDs (International Standard Bibliographic 
Description) is being developed by IFLA (International Federation of 
Library Associations); each country which has developed machine 
readable cataloguing has developed its own version of MARC— the 
format In which cataloguing data is expressed— an international format, 
UN! MARC, which hopes to reconcile ail the national variations is 
slowly being developed'by an IFLA working group; several filing codes 
' exist and are in use for th^ printed displays 6f machine readable 
cataloguing data; several conflicting romanlzation schemes are In use 
internationally for the conversion of letters or characters into the Latin 
alphabet; two different standards exist for the creation of cataloguing 
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data for serials or periodicals-those specified by the International 
Serial Data System, and those specified by the Anglo-American 
Cataloguing Rules. 

At the same time as chaos reigns in^the field of standards, large data 
bas^s of machine readable cataloguing records are being built with 
amazing rapidity./ These bases are already counting the^t; records in the 
millions, and more are springing up. 

What are the implications for data exchange of the creation of the^e.. 
bases with their varying. and variable standarcjs? In |act, no one seems to 
know. ^ 

2.0 BIBLIOGRAPHIC IDENTITY CRISIS 

At the core' of the problem of standardi^ is an issue which can be 
expressed by the philosophical question. "Is f/7/s -identical to or the 
same as that?" Some large files are being created in which, through 
human intervention in the form of careful ecjiting, duplicate recordrare 
Tiot filed. Other large files dither do not, or, because of their cons^truc- 
tfon, cannot monitor the entry of duplicate record's. Some do a partial 
job. As large files begin to comfnunicate with each other for the 
purpose of exchange of cataloguing data or to create Union lists of 
holdings, the identity crisis will become more acute. 

A uniq'ue identifier for each bibliographic iteni would, oTf course, 
solve this problem. To some extent ISBNs (International Standard 
Bpok Numbers) and ISSNs ( International Standard Serial Numbers) as 
well as Library of Congress Card Numbers provide this function, 5ut 
^there arfe limitations. ISBNs, being publisher/assigned and not 
. controlled l>y any central agency, ^re ofterfri<i error; many monographs 
do hot have ISBNs at all. , - ^ 

Once a unique identifier is present, the computer can decide that 
this is tha^t. thus providing cataloguing da^a that is correct and holdings 
information that is accurate. 

The identity crisis applies not only to records for bibliographic 
a<ems, but also to names. Many large machine readable files -are 
incapable of providing a lisfof works by a given author in such away 
that the list is complete (for ^th at base) and contains no extraneoiis 
information, ' - 

Vh'e identity crisis is not often noticed as a major problem , , yet,^ 
However, the opera^tive word is "yet". As files continue to grow and 
links begin to be established between them, this pr6blem will, no 
doubt, become^ mpre'and more apparent Although few experiments 
have been done, it would appear th&t going. back and Jrying to repair 
the situation can probably only be done with human inter,vention and is 
. consequently very expensive. - , 
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by A. H. Epstein 



Shared Catalogiring: The 
Impact on the Library 
and the Patron 



1.0 INTRODUqriON c 

There are several different levels or styles of shared cataloguing that 
are available today as OQ-line services. The first level allows .a single 
version of a given title to be maintained in the on-line file. This is 
usually the Library of Congress MARC version of a record, or the first 
user's version of a record. Both OCLC and the Washington Library 
Network (WLN) use this form of service. The user is allowed to copy 
the record and make modifications, f hese rr/odif ications will appear on 
the user's catalogue cards and, in the case of OCLC, on a hjstory tape. 
In the case of WLN, the user is permitted certain modifications and can 
receive catalogue cards. 

The next level of shared cataloguing allows two versions of a title to 
be .stored in an on-line file, the Library of Congress MARC version and 
•the first user's version. This is the l^vel that was implemented by the 
BALLOTS system until 1976. By separating the'MARC file and the 
.user's record, the MARC file could be updated wi-th any changes and 
modifications made by the Library of Congress without affecting the 
user's record. This was done so the user's record would remain 
unchanged while other libraries would be free to use tbe latest version 
of the MARC record. ^ 

The third level of shared cataloguing service allows multiple versions 
of a title to be stored in th'6' data base. This allows both the MARC 
version of a re«?ord and individual versions of records of all libraries 
participating in shared cataloguing to be maintained on-line. This third 
level of service was implemented in the BALLOTS system in 1976. 

■ ■ • , / 'ei - 



- 51 - 



62 SHARED CATALOGUING 



An extension of this level .of service that improves computer and file 
storage efficiencies, would allow each of the variations of a title to be 
recorded within the same Computer record. The University of Toronto 
has implemented the extended capability in their on-line system. 
Development plans at the University of Toronto, BALLOTS, OCLC, 
and WL^I, include the provision of this extended capal)ility in one 
form or another. / 

2.0 SHARED CATALOGUING- 

FIRST ANp SECOND LEVEL ' v 

• The library uses four basic sources of information in a shared \ 
cataloguing file. Th^ first source is data catalogued by the Library of 
Congress and provided on Library of Congr^s MARC tapes. The second 
source is informatiop catalogued by the Library of Congress, but keyed 
in by a library participating in sharad cataloguing. The third source is 
data catalogued' and keyed in by the participating library. The fourth 
source is data that is catalogued by another library and keyed in by a 

^ patticip§ting library generally from a source' such as a book catalogue. 
The obvious advantage hi shared cataloguing from any of these . 
sources is the elimination of duplication. Once LC supplies a MARC 
record or one of ithe participating libraries keys a record in for a given 
title, all other participating libraries may copy that record and make 
necessary modifications: Another advantage is the reduced cataloguing 
load. For every record that is found in the data base, the library need 

* not pferform the cataloguing activity for that record. Due to the shared 
use of a system, it becomes easier for all participating libraries to 
participate in the use of standards. Finally, since a" libK^fy is taking 
advantage of the cataloguing efforts of other libraries, there is less 
work for a given library to perform. That is, there are far f£wer titles 
that a(:tually have to be catalogued by a given library. In return for 

' finding so much work already performed by other libraries, it seems 
reasonable that a library that does catalogue a title which will be 
placed in a shared data base will do the best possible job in cataloguing 
to enable that record to be used by as many other libraries as possible. 

3.0 ADVANCES IN SHARED CATALOGUING- 
LEVEL THREE * 

Implementation of the third level of cataloguing, in which each 
library maintains its own version of a title on line, will have a profound 
effect on the library world. This leveJ has been recently implemented at 
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BALLOTS, but it is too early to predict the full extent of the impact 
on libraries. One of the major advantages of tbe third level is the a|oility ' 
of each librai^y to review any other library's version of a catalogue 
record. Also, the jibrary that enters a particular version owns that 
record and has the ability t<5 modify that record in the future. In late 
1976, two large research libraries are participating in this level of shared 
cataloguing: the Stanford University Library and the University of 
California at Berkeley. Several large public libraries also partifetpate 
including San Francisco Public Library. 

As a result of this level of shared cataloguing, various libraries will 
most likely search different versions of 'the record until ^hey find a 
^ pattern or discover one or twb libraries with which .they are quite 
satisfied. The searching library will therw,tend to search for the libraries 
of choice, *and either accept the record as catalogued, or make very 
minor modifications. After such informal procedures are implemented, 
the work can be handled by a lower level classification of employee. 
For instance, at Stanford University and many other libraries, if a 
record appears on the MA^C file, it is used with little or no modifica- 
tions, since the cataloguing was done by the Library, of Congress. 
Paraprofesslonals are able to perform this level of work. Libraries will 
soon begin to treat specific other libraries with the same le\^l of 
authority, and th)ereby obtain additional cataloguing and atlow that 
cataloguing to be processed by the non-pi-ofessional staff. 

The University of Toronto has a similar capability implemented on- 
line. Any libr'ary In the system may review another library's 
cataloguing, and copy it or modify it to form a new custom version. 

9 

4.0 OTHER ADVANCES IN SHARED CATALOGUING 

At Stanford University, there is an^on-line acquisitions system that 
interfaces with the cataloguing system. The BALLOTS^ystem provides 
an on-line in-process file of a\\ books, from the time they are ordered 
until the time they are through cataloguing. Activities such as ordering, 
claiming, cancelling, keep track of the paperwork, and activities such as 
receipt of material, distribution of material, and non-purchase order 
receipt keep track of the item. As a result of this system, the biblio- 
graphic data is keyed in as salon as it is known, and updated as soon as 
new data becomes available. Thus the record attains different levels of 
fTiaturity throughout its. life cycle. One of the. impacts of this on-line 

. in-process file is that it has blurred the line between acquisition and 
cataloguing. It is not clear any longer where acquisition ends and cata- 
loguing begins. Current plans at Stanford University include a provision 

" to allow for a funotion to be called "Cataloguing in Receipt", This will 
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allow a receiving clerk to not only acknowledge receipt of the library 
materials, but, if the material falls within certain categories, to 
catalogue the book at that point. The book would then be transported 
directly to tfie end processing area and by pass the cataloguing area 
entirely. When this happens, librarians have to ask themselves a 
question. Was that actually cataloguing? There may need to be a need 
to redefine cataloguing. 

Another impact on the catalogue department of the existence.of an 
in-process file is the ability of one library to find out roughly what 
another library has .on order. If two libraries have a good Interlibrary 
loan arrangement, or a more sophisticated shared collection program, 
-Xhe second library need not order a parti(!^lar item. If it is needed by a 
patrdn>Jt can be borrowed from the firstMibrary. Sl^ared collection 
developmeM^ecomes quite feasible when there is an-on-line shared 
cataloguing filer^Most^ large- research libraries have extensive^collections 
in many different discPptine^. However, all disciplines cannot be covered 
completely. Two or more fifir^fl^s can get together and agr^e in certain 
areas where neither one of them )iave, adequate coverage. They might 
agree to allow one of the libraries to maintain as complete a. coverage as 
possible in a given discipline, or a gjven part of the collection, and the 
other will collect different parts of the collection; As long as' the 
information is available to all of the li^^ries, and a good interlibrary 
loan operation can be implemented, each of the libraries has the 
advantage of- a full collection in all of the disciplines under th6 
agreement. The impact on the catalogue department in these libraries 
is quite benefiqiai. Rather than spread themselves among many 
different disciplines, cataloguingvstaff can condentrate and become 
more specialized. 

4.1 Full Indexes 

The BALLOTS System indexes, each of the bibliographiq records by / 
all of the persona! nameif in the record, each of the individual title/ 
words, the subject headings, the call number, the Library of Congress 

'card number, and the corporate and conference authors. This' allovvs 
the book selectors, reference staff, patrons, cataloguing and'acquisitions 
staff of a library to determine what books are held by various institu- 
tions in a given subject area, call number range, or by certain corporate 
or conference authors. The catalogue department can seardh the file by 
call number or subject heading to determine what othe£ titles in the file 

' were catalogued under these terms. This is a valuable tool which should 
come into increasing use. The use of this type of searching by. reference 
or public service staff members (or by library patrons) answers th^ 
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qyestion of what else the library has in this subject area, or whrft books 
have a certain word or words in the title. Furthermore, if this library 
does not have the^ title, what do others have in this same area? This is a 
powerful ability that is in use at Stanford University. 

4.2 MARC Standing Search Requests 

The BALLOTS system provides the ability for the catalogue depart- 
mdht to institute an automatic repetitive search against new records 
coming in on the MARC file. If the library suspects that a record will 
appear shortly on the MARC file, the book is held aside waiting fbr the 
MARC record. Stanford University has approximately 3-4,000 titles 
in this category since it has a hit rate of somewhere between 10 and 
20% each month. Tfie impact upon the catalogue staff is that the cata- 
loguers do not need to repetitively search on a terminal, for a particular 
title, since th^ search is kept in a separaterfil&and processed against the 
MARC records ojva monthly basis. Also, for every title that is found in 
the MARC file, the library need not catalogue that book. ' / ; 

4.3 Reference Files 

One of the BALLOTS files available for searching is the Reference 
File. This file contains reference and cross-reference information for 
authors and subjects that is equivalent to tVie information found in a 
card catalogue on the "See" and "See Also" records. That is, if anew 
version of a corporate name appears in the file, there will be a crosi^- 
reference ^ecord, such as !'EDUCOM'" see *'lnter-University Communi- 
cations Council". If the searcher put a search in for "Find Corporate 
Name EDUCOM", they would see a note referring them to -the Inter- 
University Communications Council. Since the files are automatically 
searched, the user need not specifically request a search of the cross- 
referente file. 

4.4 Interlibrary Loan 'y, ' - , 

As long as the item identification of a particular book at a particular 
library is maintained in the file (the local call number, the^location of 
the book, and the copy^'.n^mber) it is possible to make a request for a 
specific book;* from a participating library. It is possible to copy the 
record by printing the record out on a typewriter terminal, or hard- 
copy terminal, and send that form in as a request for inter-library loan/ 
Eventually, It will be possible to ask the system to produce an Inter- 
library request form, since the system knows who the searching library 
is, which record is being reviewed, and what the local call number and 
copy number are. The system has enough Information to print oui;a 
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complete interlibrary request form. The advantage to the' library 
receiving either a manually filled-out form Which is done at the present 
time, or a computer-producedjorm. whicli will probably be produced 
within the next two years; is that the library need not search its own 
files to see whether it indeed has the book. The information is accurate 
enough for- the library to determine whether or not the book is 
available^for loan, and proceed directly to the proper shelving location 
and obtain the book. The searching step can be eliminated. 

4.5 Magnetic Tapes 

Both the BALLOTS and. OCLC systems produce tapes for it^ir 
users. Generally in the Library of Congress MARC format, these ta^s 
• ,are used for a variety of purposes. Some libraries process the tapes at 
their local data (Drocessing centers; other libraries run these tapes on to 
vendors or service bureaus who in turn produce book catalogues. 
V microfilm and microfiche catalogues. These tapes will also be used in 
the near future to c^)mbine the holdings of different libraries and 
produce regional and statewide union catalogues. 

5.(1 ADVANCES IN SHARED CATALOGUING^FUTURE 

5.1 A National Network ■ 

Each of several major on line library automatior^ networks 
throughout the U.S. and Canada has a separate data base. It is highly 
desirable. that library users on one syst^ have access to the database of 
the other systems. Yet such access worfld require an interface between 
.. the. files and computers of the different systems. Although, mutual 
access will take at least five to ten Vears to accomplish, it will have a 
major impact on all aspects of library work, including acquis^ons. 
cataloguing, reference, patron searching, interlibrary loah. etc. \ 

5.2 Authority Files 

Authority files which define the approved version of personal names. 
^ corporate names and subject headings exist at the Library of Congress 
thfJWew York Public, Library, and WLN. These authority files arl 
cilr^ently implemented' in those systems in the batch mode, and users 
svbmit records to the System. The recocds are checked overnight 
.aiiainst the authority files and any variat/on of a name or a subject- 
hlading that does not appear in the authority file is rejected by the 
system. The ab*ty to have access to an on-line authority file would 
- have a great impact on the catalogue departments of all participating. 
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libraries* The combination of having, for instancef the Library of 
Congress authority files on-line, and have each of the networks inters 
connected to the Librarv^of Congress, means that Jthe cataloguers can 
determme immediately if ihe Library of Congress has an authoritative 
version of a narm or subjectneadi.ng» If f\ot, the catalogue^ is required 
to subimit a new name or subject heading. In most cases, however, the 
name is on the file and the cataloguer has a record that is validated* ^t 
a single terminal ses^on, the cataloguer can provide an authenticated 
record. A recor(i of this type is much more acceptable to most 
cataloguers, since each of the main entry points of a record will have 
been validated by the Library of Congress authority fites» 

Once authority files have been implemented, it will be possible to 
mgke bulk changes to the various files. For instance, consider the 
situation where a government agency changes its narne. Rather <han 
have a new cross-reference which goes from the old name to the new 

■ name, it may be possible to locate all records in the file that contaih the 
old name,, and update them to the new name automatically. This will 
have a great impact on cataloguers and patrons alike. In-order to 
implement something like this, it. may be- a prerequisite to have 

-abandoned the- use of catalogue cards. It would be extremely 
uneconomical to reproduce all of the^atalogue cards that had the name 
of a particular government agency, o? major corporate entity, and ref ite 
in the catalogue or replace jn the. catalogue all of the new" cards. 

5.3 Patron Access— Other Catalogues 

Sognetime within *the next five to ten years, the use of catalogue 
cards will be reduced if not eliminated entirely. There will be several 
forms of technology which will take the place of card catalogues in 
individual libraries. Book or microfilm catalogue's are likely replace*, 
ments that have been used already in many libraries throughout the 
United States. Some of these libraries do not have catalogue cards, but 
merely microfilm readers located throughout the. different parts of the 
library and in different branched. To produce the microfilm records, 
one of the shared cataloguing users of the BALLOTS system obtains 
a magnetic tape rather than catalogue cards as a service. These tapes pre 
sent to a vendor to produce a cumulative catalogue of all of the 
library's holdings on a bi-monthly basis, and the old microfiche file is 
discarded and replaced with the new one. 

5.4 Patron Access— On-Line 

Anpther form of catalogue card replacement is to maintain the files 
on-line as is done at the present time on the BALLOTS systerri. Patrons 
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have the ability to search the* file by all of the indexes descVibed above. 
Within' the next five to ten year?, individual libraries will probably, be 
. obtaining their own minicomputers and maintaining a file of their 
collection on a local storage device. This will allow* the use of patron 
terminals throughout the library, running off the minicomputer owned- 
" by the library, and makes the elimination of the card catalogue a 
practical idea. . " ^ 

At the beginning, patrons will be searching, usiag the existing 
indexes: Eventually,, the library will probably begin to add more terms 
to to^ mdexed In the bibliographic record. Since the amount of shared 
cataloguing has a trenrrendous Impact on the elimination of duplicate 
effort throughout libraries, the library will have additional time and' 
staff to turn to increased. functions for the patron. It is likely then that 
the bibliographic record will be extended to include additional terms to 
be indexed like additional subject. headings and alternate>oail numbers. 
Following that, the catalogye department will be responsible for gener-* 
-atlng a master thesaurus^f terms which wNI allow patrbhs*to go in 
under the vocabulary familiar to their discipline and have this translated 
.automatically into xexr^s that are indexed-in the system. It should no.t 
be necessary for patrS^^s to learn^he libraty terminology. The computer 
.should be able to provide the cross-referencing function automatically. 

The next step could be the inclusion, in the biblidgraphic record of 
the indexes at the back of the* book. Many times the major terms 
indexed in the book are an indication of what the major topics are 
within the book. An index ^jalso provides a patron with a guide to which 
books contain descriptions , of the terms the patron is looking for. In 
addition t6 that, it mayibe feasible for the bibliographic record to 
include *the entire table oT contents of the book. If. the patron had the 
ability to browse the table of contents, it might be a great aid in deter- 
mining the usefulness of a particular book. 

Finally, one must consider electronic publishing. Already in 1976 
several publishers, including W^st Publishing and Chemical Abstracts 
Servide, have the entire contents of their pubriications produced through 
a computer and used fot^fomatic typesetting. In the next ten to 
twenty years, the computer technology and storage technology will 
move in a direction vvheVe.it may be economically feasible to store the 
entire contents of a book on-line. Perhaps ffie publishers will each own 
their own data base^ and those users vvho wish to scan a particular 
book, or copy a particular cl;\apter, would then be able to do so on their 
own terminal, and automatically pay the publisher and the author the^ 
apprppriate royalties. Electronic publishing is far beyond the scope of, 
this piciper, but I believe It will have a.rjiajor impact 6n ^ibraries within 
the next twenty years. 
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by William L. Newman 



Characteristics df the 
^OBiS System 



1.0 INTRODUCTION 

The DOBIS' System (Dortmunder Bibliothekssyster^i) Is being 
developed by the University of Dortmund, West Germany. The system, 
currently being evaluated in Canada, employs a design philosophy 
usually, not found in existing on-line cataloguing systems. Possible 
implications of these design features are discussed in this paper. 

In 1971, t*wSJniversity of Dortmund contracted with IBM West 
Germany to jointly develop an integrated, on-line library management 
system. The resjjitant system^ now called the German version of 
DOBIS, consists of cataloguing, catalogue search, and acquisitions sub- 
systems in the testif g stage, a circulation subsystem implertnented at the 
University of Dortmund, and a serials control subsystem in a mid- 
development stage. 

After examining a Qumber of on-line systems, the National Library 
of Canada -(NLC), (he Canada Institute for Scientific and Technical 
Information (CISTI), ar\d the. CouncU of Ontario Universities (COU) 
decided to have a closer look at DOBIS. A DOBIS Working Group, 
consisting of library systems personnel from across Canada, drew up 
specifications for the introduction' of Canadian requirements into 
DOBIS. A modification contract was negotiated between the University 
of Dortmund and NLC. During the period January to April 1976, 
. DOBIS personnel, including the key IBM DOBIS developers, the 
McAllisters, modified the. Gerrpan versions of cataloguing and catalogue 
search to provide: 1) compatibility with what might be termed North 
American MARC; 2) a bilingual English/French system (rather than 
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German/English); and 3) a multiple library use capability. The resultant 
cataloguing modules have been called MARC DOB IS. 

In June 1976, NLC, CISTI, and COU started aJigofous evaluation of ' 
various technical, functional, and performanS aspects of MARC 
DOBIS.'The evaluation should be finished in December 1976 at which 
time a submission will be made to Treasury Board with a go/no go 
recommendation. If the evaluation is positive, MARC DOBIS will 
probably be the base system for Canadian federal library housekeeping. 
If not, alternative systems will be evaluated because the reason for 
.acquiring such a system-rising work loads, increasing costs, personnel 
shortages-certainly still exist. Note that although the MARC DOBIS 
evaluation has identified a number of problems ranging from trivial to 
significant, the results so far in November 1976 are positive. 

In combination, references 1-4 provide a'^airly complete description 
of DOBIS. • 

2.0 DOBIS CHARACTERISTICS 

2.1 Machine Requirements and Program Characteristics 
MARC DOBIS requires a machine capable of running the IBM VS 

operating system. It uses the CICS/VS communications monitor and 
approximately 300K real memory for MARC DOBIS and CICS/VS 
together with about lOK virtual for each terminal. 

The basic mapping support feature of CICS/VS is employed in 
DOBIS which means that only IBM 3270 compatible terminals, with a 
screen display of twenty-four lines by 'eighty characters, can be used 
with the system. . * 

As.part of the DOBIS Project in^Ottawa, a test data base is being 
created. Therefore, only crude measures of' operational resources 
required are available at this time. These include about 100 disk l/O's 
per record and 4.4 IBM 3707l35 CPU seconds per record to create a 
completely new r^ecord. 

the MARC DOBIS system consists of about sixty-five programs. 
" Eighty to ninety percent of the source ^tat^ments are PL/I, the 
remainder IBM 370 assembler. The programs are modular, and largely 
self documenting. 

2.2 Human Factors *n 

Access points to DOBlSinclude LC card number, ISBN, I^N, local 
call nu^er, author names, subjects, titles, publisher, an(^ miwllaneous 
numbersTXhe actual search, te^, jor any truncation theJpof causes 
fourteen retrieved access points to be displayed. The seSSfSHine on^the 
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display corresponds most closely with the operator supplied search 
term. The operaNtor carT then see documents assocfated with any of 
these access poinJ, or page- forward or backward through the* access 

point file. . / 

Each display screen conforms to a stafidar.d three-part screen format:/ 

' • Screen title (current ^unc;lon and subfunction) and er/or 
messages; ' -e x" 

• communications areg including retrieved information, and t^les 
indicating possible replies to DOBIS, etc. 'and 

• instructions to the operator and an area for operator response. 
Menus are employed extensively in the terminal dialogue to 
indicate possible operator responses to DOBIS. These features 
make the system easy to learn to operate, ig^fter an operator 
becomes experienced 4A/ith the use of DOBIS. several commands 
can be combined jjnto one. This last feature is called command 
chaining. 

The DOBIS system has been designed to provide decentralized access^. 
to all library catalogues and files, and to permit one time entry of data. 
This means that the cataloguer can have on-ljne access to such vital 
.cataloguing tools as thre shelf list and all the authority files In one spot. 
The acquisition librarian, interlibrary loan location, searcher, or 
reference librarian can perform one-stop searches of. the in-process file 
and the catalogue. Also, if a long authority heading has been entered 
into the system once, it doesn't have to be rekeyed for each record that 
requires It. 



2.3 Terminal Dialogue 

In Canada, which is a bilingual country, it is >mportant that 
information retrieval systems function in both French and' English. 
Terminal operators can converse with MARC DOBIS In both languages. 

2.4 Integrated System Design 

♦ From the beginning DOBIS was designed to be a fully integrated 
system Incorporating the cataloguing, catalogue search. pi(xulation. 
acquisitions, jerlals control, and i^nformatlon retrieval functions. The 
first screen with which a user is confronted after sign-dn <s a/function 
selection. If'the user has appropriate security clearance for tfTe selected 
function, the required task can then be performed. All necessary infor- 
mation to perform the task should be available in one spot. ' 
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2.5 Data Base Organization - ^ 

The DOBIS data base organization illustrated in Figure 1. 

Information stored in an access point file is not duplicated in the 
bibliographic files. For example, a name access point record contains 
the na.rpe, information about the name, and pointers to all bibliographic 
records that the name accesses. Bibliographic records related to the 
name contain a pointer to the name, and any information applicable to 
the name/bibliographic item relationship, for example, an indication of 
editor, illustrator, a.nd so on. 

' The illustrated bibliographic file is actually \wo files. The primary 
bibliographic file contains sufficient information to identify the item. 
Since the secondary bibliographic file fills out the complement of 
bibliographic fields, almost any outpijt, including full MARC records, 
' could be produce.d from DOBlS. ^ 

The system'holdings file outlines holdmgs by library. 

Local bibliographic files and local access point files do not have to 
be established for all libraries using a DOBiS instajlation. If a library 
accepts the cataloguing established in the common files, then the local . 
biblio :and a.p.f.-files ai-e obviously not necessary. Even if-a library does 
define local files, they only need be used for records and fields within 
records differing from the common records and fields. 

The local holdings file is linainly a mechanism to get from the biblio- ^ 
.graphic fill to records containing information applicable to each copy 
of the document Each record in the local copies file contains informa- 
tion on status (acquisition, bindiry, circulation, etc.) and location of 
the copy. Notes can be recorded in both the local holdings and locals 
copies records. 

Retatiqnships between records in the bibliographic file,. and between 
authority records in the name or subject files, are accomplished by 
control number linkages and type of finkage codes rather than by the 
repetition of information in both records. Examples of relationships 
between records in the bibliographic file include: 
- • fjreceding/succeeding, 

• parent/analytic, 

• parent/supplemeni] and, 

• original language/translation. 

Between authority records, relationships include: 

• see/see *from, 

• see also/see also from, 

• English form of name/French form of name, and, 

• broader/narrower. - . 
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CofTwnon files for all users A.P.F. access point f.Tle 

of a D0BI5 installation 4 pointer relationship 

' implicit relationship 
Ri.e. Identical control 
* nutnbers) 

. * not yet.in MARC OOBIS 




FIGURE r MARC DOBIS Data Base Overview 
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3.0 IMPLICATIONS 

Through" thfe use of authority files, only the authority record must 
be changed to inVPduce current usage, terminology and standards 
rather than each bibliographic description in which the authority h 
used. It's easy to see how authority information can be kept up-to-date 
and accurate with this type of file arrangement. Adjustments from ALA 
to AACR to AAGR II can be rrrede in practice instead of nominally. 
Malinconico and Rizzolo (6), and Buchinski et al (5) have discussed 
additional benefits of the use of authority files in cataloguing systems. 

Provision of all cataloguer, tools in one'plgce should speed the cata- 
loguing process significantly. Duplicate recording and storage of 
information for different functions or purposes is also virtually 
eliminated. This should enable all affected functions to be performed ^ 
more efficiently. ^ 

The price paid* for ease of file maintenance, elimination of duplicate 
■ recording and storing of information, and general system flexibility and 
expandability Hs mainly in terms of greatly increased nrumbers of 
input/output (I/O) operations to and from direct access storage. For 
almost any operation, information must be stored in/or collected from, 
several files rather than one. Can the increased system capabilities pay^ 
tor the increased disk l/O's? That is one of the questions being 
addressed in NLC. ClSTl and COU evaluation and impact studres, 

4.0 .CONCLUSION • • 

In order to realize benefits discussed in this paper, card catalogues 
must be closed. As evidenced by the University of Toronto (4) and the 
Library of Congress (8) among others, the decision to close is becoming 
more commonplace. 

In 1949. the ALA Cataloguing Rules for Author and Title Entries 
was published. AjO^CR was iDublished in 1967 followed by AACR 
revised 1970. AACR Chapter 6 (ISBD) 1974. AACR Chapter 12 (AV 
material) 1976. and AACR Chapter 14 (sound recordings)^ 1976. A 
hiajor revision of AACR. abbreviated AACR II: \t in .the works and 
should be published in 1977. It Is evident, evert to the uninitiated, that 
there is accelerating changain the field of library cataloguing standards. 

Laser and other technology holds the promise of a, dramatic decrease 
in on-line storage costs. 

With air of these trends', t^e closing of card catalogues, accelerating 
changes in library standards, and decreasing on-line storage costs, 
systems like DOBIS that employ data base m&nagement concepts, and 
an expandable, flexible design, if not feasible now. will be not only 
feasible, but necessary In the near future. * 
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by Paulme Atherton 



On-line 

Reader's Services 



The Systems and Procedures Exchange Center (SPEC) of the Associ- 
ation of Research Libraries conducted a User Services Survey in 1975 
to assess the directions ARL libraries were taking in^-the area of public 
service. More than 1/2 of the ARL libraries responded. The SPEC 
survey results, available In the SPEC Flyer No. 26 (dated April. 1976). 
indicate that more than 60% of the 69 respondents now conduct on- 
line searches to access.lsuch bibliographic data bases as ERIC, Psyc/i 
Abstracts, CQMPENDEX and MEDLINE via telecommunication 
networks to off campus computer systen]S such as those provided by 
the National Library of Medicine. *"SUNY-BCN (Biomedical 
Communications Network) and' commercial vendors such as System 
Development Corporation. Lockheed Retrieval Service, and Biblio- 
graphic Retrieval Services. 

The responding libraries are providing their users vyith literature 
citations at a cost. Few of the institutions provide searcheSj as a part of 
the "iree" fiOT "hidden cost" services normally offered by the public' 
service staff of the library. 

This new development (less than fl,ve years old in all responding 
Institutions) has had a tremendous impact on the library staff and the 
users of the library even though the service has been inaugurated at the 
same time that other user services have had to be reduced or eliminated - 
because of staff and budget reductions. It is intriguing to try to under- 
stand why thii is happening. The SPEC Flyer No, 26 contains details 
about other new services such as the loan of portable microfoKm readers 

rand book delivery systems, but no new development Is as common as 
computer-based reference services. One reason for the prevalence oif 
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computer-based reference service may be because the service is 
relatively easy to inaugurate. Staff training and some capital outlay for 
a computer terminal and modem are the biggest ir\itial ^penses. Where 
the decision has been to pass charges on to the user, some accounting 
procedures have to be established, but relativelVfew costs are incurred. 
There is no computer ' time to budget, no software to write, no 
programmers or systems analysts to hire. Truly this u^e of computers is 
painless compared to other library automation projects. As the prelim- 
inary ' results of the SDC study, in 1974, indicated practically every 
academic library could, and probably would, begin such a service 
because it was an innovation so easy to adopt. 

Thanks to a Council on Library Resources fellowship, I was able to 
visit, more than 25 university and college libraries in the east, midwest, 
* Canflda and California to find out firsthand what impact this service 
was having on the more traditional reference service operation. The 
effect on the more traditional reference s^irvice was an important factor 
both to the successful adoption and continuance of the new service, I 
was curhDus to know how the staff -viewed their professional role now 
that computer technology was a tool for giving user service and not just 
for performing technijcal operations better, I wanted to know how 
library administrators viewed the incorporation of the new user service, 
because academi,c library objectives have usually given priority to 
collection development. My interviews were not structured so my study 
should be considered impressionistic rather than scientific. Neverthe- 
less, several impact statements were* heard over and over again 
reinforcing my view about the direct impact of these services on the 
staff, the library i<self, and the library's user. 

Many 'Staff Members comnnented on the opportunity on-line 
searching services provided to be "more professional" for they must be 
an analyst before and after the search, getting a very cljpar understand- 
ing of the search request and the output results. Someone's conlrnent 
summarizes this impact nicely: "I know and the user^nows that all is 
in good hands," » 

The new service emphasizes the library's ability to give customized 
, service, where the professional staff is available by appointment. This 
kind of routine is becoming' th^ rule for consultative bibliographic 
service and library instruction. The staff's time, considered very 
valuable, islallocated and planned more closely now. 

The computer search output i$ sometime^ just the beginning of the 
service the library staff member can render. Other, older resources of 
the library jfire added to the list of current materials which the on-lin5 
bibliographic data bases cov^er, A tutorial on bibliographic search, in the 
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library rnay f^jfffow the search on-line. These are older services with a 
new twist. ^ 

Library administrators hav^ noticed a different set of impacts on fl^e 
• library. Some of them expressed it in this way: 'Tor the first time we 
are making a careful time check of our refeVence librarian's duties. We 
have reviewed their duties and their costs to the library ^nd wi have 
reassessed the priorities of these duties when our budgets have to be 
cut. When we can, we now pass on to the user a charge for staff time." 

"Because the compilation of a bibliography is rather painless using 
the computer, vve have found that our/fBsources are used more and our 
ILL department is very busy. The weaknesses of our collection are 
Immediately evicient, causing us to make a greater effort to fill In the 
gaps. We now can use the computer searches and our analyses of the 
datS bases on-line to check our holding in these areas. We also realized 
that v\(e must streamline our document delivery systems and procedures 
to match the quick turnaround time of these on-line searching services*. 
Both in the library's circulation procedure and our ILL were found 
wanting. 

The cost/benefit rates for computer-based reference service is easily 
determined, and statistics are easy to keep. The administrators ^re 
trying to obtain comparable facts about other user services. Some said, 
"We never studied costs or benefits before. Current study should h^tp 
us allocate resources better," 

An unexpected impact on the library has been the need to realize 
that the library was now in the marketing business. As the service was 
available at a cost to the user, it needed to be promoted, demonstrated, 
and rViatched to the particular dientele best served by their use of it. 
This had a direct effect on the library's view of itself anci a cross impact 
on the view of the library by others on campus. Almost overnight, large 
segments of the potential user population of the library saw the library 
as a modern service, the library staff as professionals interested in giving 
efficient service. Opinion leaders on campus "began to speak of the 
library as being very sophisticated, more like the computer center than 
the archives department. In some instances this helped the library get a 
more favorable airing of their. entire budget and also get some special 
funds. 

Graduate stijdents appeared to have more contact with the library 
staff now. A delayed result of this interaction may be their continued 
use of the library's custom services, when they are teachers themselves. 

The issue of elitism is a definite negative impact of these, on-line 
services. Now these services in most libraries are available only to those 
who can pay and whose subject interests are represented by the on-line 
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data bases. This could changie as subsidi^or charging patterns change, 
and as more data. bases are added. 

Overall, the iatroduction of computer-based on-line services has had 
a positive impact on library staff and library users. Beyond fixed costs, 
the costs involved are specific to the user and particular users. This has 
made it difficult to amortize all the costs over ail users or to come-u' 
with a budgetary item absorbed by the institution rather than passed^n 
to the user. ^ . ' . . 

Eventually library managers will have to sort this out as have the 
computer center managers. I hope that a group like EDUCOM v^duld 
bring the conjputer center managers, library managers and olfiMihe 
bibliographic service vendors together for an exchange of pr^cequres 
and charging policies. This may be a criti.cal area affecting th/fu/ufe of 
on-lin0 user services in academic libraries. \^ / 
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The 1970's have seen tremendous growth in the use of on-line tech* 
nology for .access to bibliographic-type information, i.e., citations, 
.abstracts, and research summaries. As a long-time supplier of on-line * 
retrieval services. System Development Corporation was aware that a 
wide variety of questions were being raised about these services that . 
could not be answered with availabje data. To help provide such data, 
'and adeiress these questions, SDC kieveloped ideas for an exploratory 
, study of the users of the major pn-line service suppliers and^ in 1974, 
received a grant from the National Scie^TcT Foundation to conduct the 
study. 

Background on the study objectives and methodology and data from 
the studV results are highlighted^elow, in the following nine sections: ' 

(dy Background and Methodology 
jscriptiorv of'On Line User Study Population 
ptting Started" ^ 
2Ction and Training of Staff 

the On Line Services Are Being Used 
/osts of On-Line Searching > 
System Preferences > 
Problem Areas 

Impact of On-Line Services ' ■ 




O Copyright System Development Corporation 1975, 2500 Colorado Avenue, 
Santa MOnica, California 90406. This study was conducted with the support of 
the'National Science Foundation (Grant Number SIS74'03465 A01 ). 
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1.0 STUDY BACKGROUND A^D METHODOLOGY 

Th^^purpose of the stu<iy was to describe the community of users of 
on-line services, to fearn about the kinds of preferences that users were 
developing and the problems that they were encountering, and to assess 
the kjnds of impact that on-line literature searching was having on their 
operations. 

SDC elicited the cooperation of 9 other . major suppliers of biblio- 
graphic op-lipe services, to provide the broadest possible user and 
supplier base for exploring these areas. Each of the participating 
suppliers was asked to help in several areas: 1) to provide ijs with their 
user list, or to mail our questionnaires directly to their us^rs; 2) to 
review our questionnaires and assist in revising items; 3) to review the 
preliminary data and the draft final report. The participating suppliers 
arev 

Energy Research and Development Administration 

\ttelle Memorial Institute 

Canadian institute for Scientific and. Technical Infotrhation 

defense Documentation Center 

♦ • ■ ' / 

Eurppean Space Agency . ^ 

• Lockheed Missiles and Space Company . 

• National Aeronautics and Space Adrninistration 

• National Library of Medicine 

• State University of New York \ 

• System Development Corporation 

Letters requestingoparticfpation in the study were mailed to using 
organizations identified by the suppliers, or directly from the suppliers 
10 their users. Each organizational unit tnat indicated it was willing to 
participate received one Managers Questionnaire and up to 3 Searchers 
Questionnaires, Neither of the questionnaires posed any questiqns 
about speatfic systems or data bases, since our purpose was to 
understand the use and irnpact-of on-line services, not to evaluate one 

, system or technique against another? The total /lumber of respondents 
was 1273: 472 Managers and 801 Searchers, representing 546 unique 
organizational units. We| believe that these pamiclpants represent about 

. two-thirds of the total on-lirwusing community as of 1974 3nd early 
1975- Of course, that comnrwnity has continaed to^row very rapldl\ 
The study data reported in the following sections ar^tal^en primarily 
from the two questionnaires; results are reported as Mand^er data and 
Searcher data. ^ 
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2.0 DESCRIPTfON OF ON-LINE USER 
• STUDY POPULATION 

Who are the Users of bn ime Services? The list below shows the 
general composition of the responding organizations using on-line 
services. Managers .frqm 472 installations characterized their parent 
organizations to yield the following percentages: ^/^^^'^ * 

32.2% jCommerCial or industrial organization - « 

29.t)% University or college . ' 

17.8% Federal governmefat a*^ency 

8.9% Non-profit or not-for-profit organization' 

6.8% Other 

2.1% State/provincial government agency 
1.5% City Of^ojjnty government agency * * * , i 

1.3% School district (local, intermediate, co.un^) \ 
0.4% Junior/cdmmunity college / , « , 

0% Public library V » / 

The final rounded percentages in these 4 major groups became: 
32% Commercial 
31% Educational 
21% Government 
16% Other 

Two other on-line auppliers of bibUpgraphic'data bases tiso elected 
not to participate in- the study. The autrtors believe, that the remaining 
• group represented at the time of tlie study— and still ctoes represent— 
-t h e w orld's major suppliers ,of on-line literature-searching services. 
These ten suppliers are listed in Figure 1, along with-^e names of their 
retrieval systems. As ^the reader can see iromXbji list, the on-line 
^pplier group, like its counterparts in other areas of infortrigtion 
services, is very 'diverse and includes all sector^: prlvaie/not-for-profit, 
prlvate/for-profit, federal, and intergovernmental, ln\ addition, It is 
WQrId-wide. - 1 

The differences among on-line suppliers in clientele' and charging' 
policies that stem from their placement In the economic sector 
probabjly account fo^r rnany of the difierences among thyuser groups 
discussed In the following chapter^: commercial, government, and 
educational. For^xamjlile, about 50% to 60% of the educational insti- 
tution units in the study population are health-science-related libraries 
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that are primarily users of the National Library of Medicine service, but . 
may 9lso using one or two of the commercial sery^ces. About 20% 
are. main r^erence libraries, which tend to use the commercially avail- 
able services. The remainder are a (combination of other specialized 
libraries and departments in higher education and elecnentary /secondary 
education units, which also use the commercially available services.* 
Therefore, th^e data from educational institutions reflect two kinds of 
experience: the experience of MEDLINE usett, whb havfe had a hlftory 
since^ .1970-71 of paying only nominal fees for these services, , and the 
^^expeHence of other users, whose use of' on-line services began only^ in 
1973-74 and has most likely been with the commercial, non-sybsidlzed 
services. • ^. ' 

The commercial organizations, at the tinie the data were collected, 
were primarily using the commercially available on-line services; as we 
will see from the data, they are the least experienced of the three major 
organizd^ional-type .gsers. The government Mewcies represent a mix of 
users, some of whOjn have beJ^n using the f^eirallV subsidized ser^^ices 
in their areas for up to six yeafs, ancl others of whom are using only, or 
additionally/one or more of the commercially available services. " 
• Each of the participating suppliers was asked to help in several areas 
of the study: ^) to pr9vid2^^tt)A user list, or to mail our questionnaires 
(Jirectly to their users: 2) fo reyi^Bw questionnaires and assist in revising 
.Items developed by SDC or klding items where coverage was needed; 
3) to review the preyiWhary data arid the draft final report. The 
sijppiiers were most poop^rative in all areas and contributed many 
hours of their time in all Athese areas. The authors believe that the 
first,feedback conference withV«|Opliers to review the preliminary study 
data marked the ffrst time that representatives from all of the suppliers 
had sat around the same table to discuss the on-line services. 

,3.0 GETirNG STARTED - 

• Once the decision is made to instituje an on-line literature searching 
service, staff members must be assigned^nd traced, equipment mu»t be 
acquired, and service must be announced. ^taff selecticm and train- 
ing are described separately in. Section D.) 

3.1 Terminals .•^/ 

We asked the managers whether the purchase or rental of a terminal 
had been a ^ajor barrier. About 87% of tfc^ managers said that a 
terminal was alraady available to^them or that it was not difficult. to 
buy or rent one. The problems encountered by the other managers were 
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mainly budgetary and included resistance from upper-level management 
because they did not understand the value of on-line services. 

We asRed managers'where they decided to locate the terminals. The 
most popular location was in a separate "terminal" room within the 
library or information center. Presumably these rooms assure a quiet 
working area for the searchers and those end-users who work with the 
jearcher'at the termmal to provide guidance and feedback. 

. A large majority of the-'managers believe that finding a^^per 
location for the luminal. is important. For some, visibility to end-users 
was a prime consideration. The most frequently mentioned considera- 
tion was easy access by t[jg,iiiiaff and'/or the end-users. This considera- 
tion does not ne^ce««f11yresult^ placing the terminal in one fixed, 
central location. Ofie manager .told us that, in his organization, four or 
fivp different individuals use the terminal for different ptfrposes every 
day, but none of them needs it for more tKan an hour a day. To 
.facilitate sharing the terminal, this organization has installed phone 
jdCks in all the appropriate offices and put the terminal on wheels. 

About ,6% Of the* managers keep the terminal under lock and key\ 
because of classified-information security, or security of, the terminal 
itself from theft, or simply to keep staff members and end-users from 

"playihg'\with the terminal and perhaps damaging it. • 
■ \ 

3.2 Promotion of Services 

^ We. asked the managers several questions about the ways in which 
t^ey informed users and potential users about the new on-line service. 
We learJted that about 83% of the managers formally announced or 
promoted the new service in some way. The most popular method was 
the use of newsletters or flyers. Special presentations or demonstrations 
were also jeported to be heavily used, either for groups pf users or for 
impoftaniKey individuals iri,th?^rganiza!ion or company. Most of the 
other responses were a variation on the special-presentation theme. For 
" example, in some organizations new faculty members are given one free 
search. Sorpe organizations have developed audio-visual presentations.. 
At least one library called a press conference, which resulted in their 
getting free advertising on televisron. 

All of these methods appear to be successful, but managers report 
that the most successful ones are sample searches and special group 
meetings. . ' ' N 

A few managers have reservations "about fully promoting on-line 
searching. They are worried that the extra'.workload incurred by an 
increase in the number of users would be too rfiuch of a burden on their 
staff. Some other managers, particularly those repjesenting organiza- 
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tions ^that%clo not try to recoveV the full cost of a search, are 'concerned 
that an increase in users could not be absorbed by their present 
budgets, 

4.gr SELECTION AND TRAINING OF STAFF 

4.1 St^ff Selection ' 

We asked the managers how many persons they had selected to be 
on-line searchers* during the first 30 days of on-line service. The 
numbers ranged from one searcher tQ as manryas 40, and the average 
was 2.8 -persons. Tfte larger numbers w^e primarily in government 
, organizations. In slightly over half of the organizations, the manager 
was inclUjded as one of the initial searchers, ' . 

We al^o asked the managers why they selected particular individuals 
as searchers. We gave them 8 response choices. Results of their choice 
are shown below. , ^ . ^ 

75,6% Trained librarians or information specialists 

^41.1% Familiarity with one or more of the data bases through 
searches of the printed products 

' * ,29,0% Familiarity with computers or automation 

* 25,0% "Right" personality ^ 

17.,8% Only staff available pt the time 

7.8% Previous use of the system subscribed to ^ : 

6.9% Other ' . , * . 

1,0% i do riot Know ' / 

. Across all organizations and units, over 75% of the managers chose 
individuals who were trained librarians or information specialists. Over 
40% of the managers'* chose individuals who were familiar with qne or 
more data bases, through coding for batch searches or manual searches. 
Having the "right" personality (25%) seems to include yhe searcTiers' 
having good communication skills and being able to conduct 'a good, 
reference interview to fmd out exactly what the' end-user wants. 

About one-fourth of .the managers met resistance or apprehension 
among the original staff members assigned to on-line searching. Some pf 
these staf.f nhembers seemed to have a pronounced lack of confidence. 
They"were eit^er fearful about computers or skeptical about the resul.ts- 
oK making use of computers, (n 5ome instances, they were clearly 
corWrned about the possibility of being replaced by the computers. 
So me^se archers also indicated that they had initial reservations. ^ 
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However; mQst of them now believe that on-l^ne systems are extremely 
valuable and say that th^y enjoy on-line searching. 

\\Ne also asked the nnanagers whether some individuBis were better 
suitftd to be on-line searchers than others, and Vvhy. The most fre- 
quently mentioned" qualification was having a re^ence-sewice 
background, a data base background, of subject background in the areas 
In which most of the on-line searches are perfornned. 

The second important characteristic mentioned by th6 managers is 
having a logical, thorough, analytic jnind. Other characteristics of a 
good searcher include curiosity ahd a desire to learn; adaptability ; com- 
fortableness with the machine interaction process; ability to cope with 
instances of .system failure; and patience and persistence. .Some people 
imagine that skiil at spelling and typing is important. tVery few 
managers report this tO'be the case. 

4.2 Staff Training 

Once the manager H^as selected one or more staff members to be on- 
line searchers, these searchers must be trained. We found that approxi- 
.matel^. 55% of the searchers recei\ied formal training for at least one 
system from the on-line system sOpptler, Searchers in commercial 
organisations are somewjiat more likely to receive formal training than 
sea^bhers'in other kinds of organizations. Nearly 65% of the searchers 
in commercial Ofganizatjons received such training, compared to 55% 
in.government organizations' apd 50% of those .in educational organi- 
zations. ^ ' 

Jn those instances where the searcher did not receive formal training, 
the two Jearning methods that predominated were 1) studying the 
users' manual, and 2) getting instruction from some staff member who ; 
had been trained by the on-line supplier, 

\ One area in which there is still much controversy has to do with the 
number of data bases and systems that can be mastered by the novice 
searcher in the early m'onths of his or her experience.^Somfi persons 
believe that learning one data base and orte system vyell. enables the 
searChef-1fol3erform expert searches sooner and gives the searcher the 
confidence needed for learning additional data bases and systems at a 
later time. At the other end of the spectrum are those who advocate 
learning several data bases,* on several systems, in the early stages of the 
searcher'? training. The assumption behind this position is that.-regard- 
'(ess of the data base or v*system\being examined, the similarities of 
on-line searching far outweigh the differences, and being exposed to 
two mor^ data bas6s or Systems simultaneously helps in the general 
learning process. * » * ; , 
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About one-third of the searchers in our survey learned only one. data 
base during the first three months of on-line experience. Another third 
learned 2 or- 3 data bases and the remaining third of the searchers 
learned 4 or more. We asked the searchers who had learned only one 
data base whether they thought that they could have learned more at 
that time. We also asked the other searchers whether«it would have been 
easier or better to have become thoroughly familiar with one data base 
before- -Teaming others. The answer of both groups sypports the position 
that one can and should learn severaf data bases, not just one, in the 
early stages.of training. 

We also asked the searchers about learning more than one system in 
the. early stages of training. The responses show that learning more than 
one' system is^more difficult than learning more than one data base. 
Almost 40% oi the .searchers who had early experience with several 
systems said that it would have been be'tter to become more familiar 
with their first system before learning the second. However, the other 
^60% of these multiple-user searchers disagreed with this idea. 

These responses show that there is not yet any one best way to learn . 
to use several on-line systems. Sonne seardhers wilj want to consolidate 
their knowledge and develop their confidence befo/e beginning to learn 
a second or third system. Others will want to Ifiarn sevecal systems 
within months of each other to help develop principles that apply to or 
differentiate the different systems. 

Earlier we mentioned the advanced training or refreshw^r sessions "that 
are offered by some on-line suppliers. About 39% of the searchers had 
^participated in such advanced training sessions and we askedAhem to* 
evaluate their usefulness. Nearly 96% o/ the searchers who|had 'had 
•some advanced training believed that it had been useful. They felt that 
it enabled them to learn about new features that have been added to 
the system and that it provided a forum for exchanging ideas with other 
searchers. / , 

5.0 .HOW THE ON-LINE SERVICES ARE BEING USED 

We asked managers how many on-line searches were conducted on 
the average each month in their organizations. The responses ranged 
from 1 to over 999, the upper limit for our coding system. The'median 
number of on-line searcjies performed each month by the organizations 
we surveyed is 30. As shown in Figure 1, there are differences ip the 
frequency of searching among various types of organizations. 

Commercial organizations do the fewest searches. About 75% of 
these organizations cio fewer than 50 searches a month. Educational 
institutions do thefhost searching: one-third of them perform over 100 
searches a month. 
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Organization Type 


1-49 


50-99 


100-999 


No Resp. 


Government users (N=101) 


45.5% . 


15.8% 


27.7% 


10.9% 


Commercial. users <N='152) ^ 


75.0% 


10.5% 


5.3% 


9.2% 


Educational users (N-145) 


44.8% 


15.9% 


33.8% 




Other users (N=74) 


60.8% 


16.2% 


13.5% 


9.5% 



' FIGURE 1. Average Ni/liber of Searched per Month . 



Thff-werage amount of time per search at the terminal Is reported 
' to be about 18 minutes. Detailed analysis of the data shows that educa- 
tional institution users spend the least amount of time per search. The 
longest search times are found among users in government agencies. 
We believe that these differences can be attributed to several factors, 
including the fact that rjfbre than any other group, educational institu- 
tions tend to^use only one data base in carrying out a search. This in.' 
itself would help to minimize time on the terminal.*^ However, 
educat-ional institutions also show some other interesting differences. 
More than any other group, they pass charges on to users, and-we know 
that where there is a high degreie of cost consciousness, searchers often 
, elect to get off the system quickly with unscreened search, hits that 
will be reviewed for relevance later, off-line. In contrast, searchers who 
do not pay directly for on-line search time are more likely to evaluate 
and refine searche^on-line and try alternative search strategies, and 
they ^re more likely to print long search results on line. We were told of 
one searcher in a federal agency who, after identifying relevant material 
and requiting an on-line prirttout, went home for dinner while the 
terminal prated out the search results. 

We believe that the relationship between type of institution and 
speed of searching is not a simple one. It is important to remember that 
more searches are done in educational institutions than in the other 
'types of organizations. Since frequent sellching undoubtedly helps to,- 
sharpen search sk\\\Si it is piDSsible that shorter search tipnes reflect skill 
levels as much as they do organizational contextVlifferences. 

There are several aspects of the search process for which data are 
now available. On,e of the most interesting has tb do with the process by 
whjch data bases are selected for a^given search. In some instances the 
end-user helps to select the dat^.base(s): 13% of the managers report 
that most of their end-users request certain data bases; anothter 25% 
report that some of their end-users request particular data bases. In 
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most cases, however, the searcher makes the basic decision, selecting in 
advance one or more data bases that can be expected to be relevant to 
the inquiry. 

As mentioned earlier, some types of organizations tend very much 
toward one-data-base searches. This is shown clearly in Figure 2. 







Most 


Some 


.Few 


None 


M.R. 


Government users (N 


= 151) 


39.7% 


25.8% 


17.9% 


7.3% 


^9.3% 


Commercial users (N 


=215) 


30.7% 


32.1.9«r^ 


26.0% 




4.7% 


Educational users (N 


-205) 


69,3%* 


14.1% 


3.9% 


• 4.9% 


7.8% 


Other users (N=68) 




57.4% 


8.8% 


10.3% 


10.3% 


13.2% 



FIGURE 2. Frequency of Use of One Data Base for One Search 



The group that most frequently relies on only one data base for a 
search is educational users. Even when there is no success on the first 
"data base, they tend not to search other data bases, a practice that we 
believe is associated with the fact that about 50% of the educational 
users are using a^system with one primary data base (MEDLINE). 



Most Some Few 

Government users* (N = 1 51) 17.2% 31.8% '23.2% 

Commercial users (N=215) 15.8% 39.5% 26.0% 

Educational users (N=29f ) ' 5.4% 32.2% 36.6% 



Othec users (N=68) ' . 7.4% 29.4% 35.3% 



FIGURE 3. Frequency of Use of S ^ 
When No Success on^First 




Ncifne 


N.R. 


18.5% 


9.3% 


12.1% 


6.5% 


16.6% 


9.3% 


• 14.7% 


13.2% 


D^ta Base 





>■ ■ - 1.... - 

A second interesting aspect of on-line systenjjjfie*-has to do with;he 
way in which the end user interacts with the retrj^^aljsys.tem when he 
or she Wants a search performed. In .the traditional library or informa- 
tion center setting, the'end-user discusses his or her tearch problem 
witft the person who will conduct the search, or proviVtes this person 
with a written statement of the problemi-^t \s-*>ot fuftl^^^ 
in the actual search process. Although this traditional interaction mode 

*,has been carried on by most organizations into tJ^^i/^on-line service 

' activities, other alternatives are also being tried. 
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The percentages below sh^w how often various alternative methods 
are used. 





SEARCHES 






Most or Many 


Few Or None 


Preterminal Interaction 
(Verbal 6r Written) 


^79% 


17% 


User at Terminal 
with Searcher 


45% 


48%, 


User in Contact wjth 
Searcher, but not at 
.Terminal 

User Performs Search 
for Se'lf 


7% , 


80% 


10% ' ^ , 


78% 


FIGURE 4. Alternative Searcher/User Interactions 

* (Managers, N=472) ' , 



The top line represents the traditional interaction method, where the 
user provides a written statement and/or discusses the problem with the 
searcher. Managers report that most of their searches are done in this 
way. The bottom line represents the other end of the contirxjum. As 
cafn be seen, enjj-userS are performing searches for themselves'in only a 
very Jmall percentage of the organizations. 

These data are particularly i^n^^recjing because they point to a 
second major technique th?t 18% of the organizations use for mosho\ 
their ^searches and another 26% use for many of their searches. In this 
approach, the user works with the searcher at the terminal, while the 
search is in progress, taking full advantage of rfoth the end-user's subject 
expertise and the searcher's system- and literature-searching skills. Many 
searchers feel that this approach is efficient and productive. As one 
searcher put it, "It lets the user narrow his search and d96sn't r-equire 
his being so specific and articulate in stating his problem ini'tialfy." 
However, some searchers do not like to have the end-user present. It 
can be distracting and it makes them feel uncomfortable. One searcher 
provided this "quotable" objection: "The system behaves poorly in. 
front of users but is always fifJe when I am'alone," 

There is ojie other aspect of system use tf^at merits discussion; it has 
to do with the emotionally laden issue of whether end-users should be 
doing on-line searches. As mentioned earlier, fewler'^than 20% of the 
searchers in our study are end-users. We asked the librarians and 
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information specialists whether end-users can do on-line searches in a 
cost-effective manner. Most of them said no. In contrast, aln^ost all of 
the end-users believe that they can. 

■ ■ ' ■ ' ^' . ' : ' 

6.0 COSTS OF ON-LINE SEARCHING 

We asked managers to estimate the aVerage cost of on-line searches 
conducted across all systems and data bases. As the list*Uelow shows, 
the most frequently reported costs were in the $1/510 range. The 
mean cost reported, across all systems and data bases, was $23.83. 

' 26.5% $ 1.00 • 9.00 . 

20.9% $10,00 - 19.00 ' 

15.0% $20.00 -29.00 * ; ' 

8.1% $30.00-39.00 ' ' 

5.9% $40.00 ^ 49.00 ^ ' . '* " , 

12.8% $50.00.- 99.00 . . 

10.6% |Slo response ' ^ " ^ 

There are Several reasons why the reported averse cannot be viewed 
as a completely accurate measure of cpsts. 

• Many organizatiohs do not keep records of search times or costs. 
Only two-thirds of the organizations involved in our survey pro-, 
vided us with data. 

• • The average includes bdth federally subsJdized^ on ■fine* services 

and the computer-donnect-time-based charges of the commercial 
' semcgf It is undoubtedly Jiigh for the subsidized services, and 
low for the commercial services, but .we do not know the relative 
proportions of searches from each kind of service involved.^ 

• The costs for on-line services have risen in thq year between the 
completion of the questionnaires and the writing of the final 
'report-. On the other hand, search efficiency has probably 
improved. THe exjent to which these have offset eafch other is not 
known. 

• Ofpanizations do not generally in elude a II costs in their estimates. 
Most Q^^he organizations we surv^q^ included the costs of ^f- 
line printing^ computer-connect time, and communications, but 
only half of them included staff time or termi-nal costs, and only 
1 5% included overhead. 91' 
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> Finally, there may be differences in th»ways that, the respond- 
enfs defined a - ^search/' The project stiff and most ysers think of 
an on-line search as encompassing all p the time and effort at the 
terminal necessary to fulfill an er^d^user's informatjon request. 
•After the questionnaire was' developed, the authors di.scovered 
j that some users tend to think of 9^earch in more limited terms, 
such as only op©' terminal, session or as a single forrtiulation run 
against a singfe data base. Such an Interpretation may be particu- 
larly prevent in comrhercial information service centers, which 
Jrg5*'^ers on the basis of per-data-base searches. It is n6t 
possible to determine from this survey data hovy frequently the 
more limited definition of search was used by respondents, bu 
t)ie reader should be aware of the possibility that the aver* 
per-search times and pe^-search costs may underestimate the true 
Values. . ' • , 

The study also examined attitudes toward, and practices in cost- 
recgyery. Managers were asked whether they charge end-users for 
searches and, .If so, how. More than half of^the organizations' charge 
end-users and, .for the majority af these, the charge Is variable. 

Tfie organizations were asked whether oo-line services should pay 
their own vyay In an organization. Opinion vvas about equally divided: 

'42% said yes, 37% said no, and 17% are still undecld^. These results 
reflect the'amblyWence in the library community on whether Informa- 

"•tlon services shoald be placed on accost-recovery basis.'* 

There are xilfferences among- t^hs various types of organizations in 
their attitude 6ljout user charges ^ijid in their user-ch3rglng practices. 
More than any other group, educational users are against user charges. 
Yet, When we asked whether the^jcharge their users, we learned that 
nea/ly 77% of the educational insrftutionsTh'ave instituted user fees for 
on-line searches. - . 



' I * 

7.0 SYSTEM PREFERENCES 



About three fburths of the 35SL-^lfipfAii^stlcm searchers reporte 
that they . do not use each system an equal arp6unt of time. A few of 
their reasons for preferring one system ^^r another are shown In 
Figure 5. " . 

Additional analyses of these da^a sugge&t t^at the criteria for system 
preference vary some^whafby levels of user experience. For example, 
one of the more frequentlv>^'ven choice^ of nW, users (1 to 6 months 
expel-lei^cej was ''It uses aiji interactive Ignguag^^K at is_ea sler to under.- 
stand and remember/' whi)e the moreiexperieraedfjbo 6 or mqfe 
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Percentage ^^Ra^ 


^ Learnedto use the system first; 
feel most comfortable with it. 


45,1% 2 


Offert access to more of 
the data bases needed. 


. 78.0% 1 


Greater range of capabilities. 


30.1% 3 


Uses an interactive language: 
easier to understand and 
remerfiber. 


29.3% 4 


FIGURE 5. Percentages of Responses by Multiple-System 
Searchers: Top Reasons Why Systems Are Not Used « 

^ an Equal Amount of Time | 



,yeak of experience) users \sl^^Y^"'GTe^XeT range of capabilities" 
among their top-ranked ch^iCir^ ^^--^ / ' - 

Rlii|rdless of the number of systems lRat->5earchers use, they were 
asked^ indicate the importance* and usefulness of several system^ 
features, which were" grouped into three categories: 1) search input* 
features! 2) on-line aids, and 3) search output featur*, From the first 
group of features, the most important and most used |/ere the Boolean 
operators (AND, OR, NOT), and the second-most im|f)ortagt and used 
feature was the ability to coifibine terms with one or more^ operators in . 
one instruction to the system. The least important features were word- 
proximity operators and relational operators. Although the combining 
capability' vvas not necessarily a surprisinglchoice, these responses run 
colnter to arguments posed by some observers of the on-line scene who 
have said that on-line systems are generally being used in a. very 
unsophisti^ifc manner, and that simple author searches and single- 
ter(ji searcheBpimore the rule than the exception. 

For the second group of features-on-line aids-the feature that users 
considered most important was the capability to receive announce- 
ments on-line from the supplier about important system-related 
information. The. feature that^permits users to monitor elapsed time on- 
line was second in importance. Other important features included the 
ability to display on-line the alphabetical index or dictionary, or the list 
of related terms or hierarchical thesaurus. Among the least important 
and least used features were those that permit users to obtain oNjne- 
) . explanations of system features and to enter comments on-line to. the 
suppliers. i . ^ 
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For the third group— search output features— the most important and 
most used features were ^off-line printing Capabilities and requesting 
standard or prede fined print/diSpl'ay formats. The ^^bilitY to receive 
citations in upper^JnoTower case and to have a search strategy that was ■ 
entefecTon-line off-line later jay the supplier were among the least 
important features. ' ' ' ! 

f r f V • . 

8.0 PROBLEM AREAS FOR SEARCHERS 

Several potential problem areas were ^^plored in the^two question^/ 
naires, and^the data for two -^of ttjese areas' are highlight^c^ belo\^: 



. X) multiple-syjstem use; and 2) system reliability; 



8.1 Multiple-System Use * ^ 

One questionnaire item for searchers who use more than one jiystem « 
-begins; "It is generally believed that using more than one system can* 
be confusing. . . Their responses ajitshown below^fir^t for the entire 
group of respondents and then;^ 'hP^ last three columns, by user 
group. j 



Organizational Type; 





AII\.Multiple^ 


^ Gov't. 


Commer. 


Educ. 




System Users 


Users 


Users 


Users 


Using More Than O^e Systenn 


(N=339) 


{N=76) 


(N«132) 


{N=99) 


l^a nnajor problem and 


3.8% , 


5.3% • 


4.5% 


.2.0% - 


seriously affects nny 










efficiency. * . 










U sometinnes confusing but 


47.7% 


32.9% 


50.0% 


SO.5% 


the problenns are not insur- 










nnountable nor do they 










generally affect my 










efficiency. 










Has not been a source of 


31.3% 


39 .B% 


'30.3% 


28.3% . 


confusion for me, , 










No response 


. -17.1% 


.22.4%^ 


15.2% 


19.2% 'X 



FIGURE 6. Degree of i 



\ 



•usion in Uiing Multiple Systems 

'■'^( ' • 

Bedaus^this question is one on which many have already formed 
stfong opinion^, we call attention to t^e commercial user group data, in 
particular. These users are most likely to be using 'systems from 
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different "families/' i.e., the commercially4vailcibl^^stems that have 
different interface languages and different repertoires of features and , 
capabilities. . . 

The 175 searchers who reported some or considerable confusion in 
using more.than one system were asked to indicate the areas in. which 
they were having the most difficulty. They reported moderate t o grea t 
co]^fusioWjin the following areas: ' - ^ . 

relating capabilities or features with the correct'systems; 
procedures for issuing printing instructions; 
procedures for eptering searches. ' — 

Since thte study was conducted, at least. one user aid has been 
developed ,to show the repertoire of command names used on the 
various major systems." Additional aids are under preparation at this 
time, and the question will need io be pursued over the coming years as 
to how the remaintvig sources of confusion can best be rrtinifnized and 
eliminated without reducing systems to their, lowest common denomi- 
nator of features and performance. Although some confusion in 
muhtiple-system usage is evident, some users also report that learning 
one system actually helps in the learning of additional systems. As one 
searcher put it, much of the operation of the various systems is 
identical in theory,, if not*h f^rm. 




8.2 System Reliability ; , 

Ther^ are many links in the chain of access to a'supplier's corhputer,- 
including the people,Cthe equipment, and the software' These links start 
with the user, his of h^r terminal, the characteristics ,ot the room in 
which. the terminal resides, the telephone, the coupler or naodem, and 
in some cases, the switchboard. The chain moves through \\\^ telephone 
company and its equipment, and through the*long. disl^nce lines, 

^ometimes via a communications network w7th its many |)erson|jiel, 
hardware and software, and telephone lines. -(Dnce the link ts made to 
the supplier's computer, additional components are addejd to this 
system: the supplier's stafi, teleprocessing hardware and software, and, 
finally, the many components of the supplier's computer and retrieval 
^y^tem. How reliable are ^ome of these key systerT\^components? 
^ ^^Jgtf^'rig to the 801 searchers in the study, most of'tl^ese compo- 
nents'*^?? demonstrating high reliability. For example^ only*about 4% 
of the searchers reported fh at they have frequentiproblems with their 
terminals; better tl;ian 75% rarely or never encounter terminal difficul- 

' ties. Some of the other data on 0robl6m areas are shown in Figure 7. 
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FIGURE 7. Reliability of System Components 
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In ^many instances, the- sVmptomthlat a user experiences af* a 
terminal may be traceable to any ^ne of several of these components, 
which, makes the diagnosis of problem^ by usei-s fairly difficult. 
However, only 4% of the searchers reported having difficulties in diag- 
nosing what appear to be system^related problems; over 50% rarely or 
never have problems. * 
• AH is. notM perfect, of course, end the searcl^s' responses in the 
- open-ended questions suggest that system-response problems-where * 
. the cause of the delay is not clear-and getting and Staying ^nnected to /. 
^the supplier's computer are the major areas of con(le^. A few seafchers 
described the* "finger-pointing dilemma" th^ they sometimes 
Rencounter in trying to diagnose problems. As'^pne)^ searcher put it: 
"Have checked the- terminal, the coupler, the ph^ne.^ phone lines. 
Tymshare and suppliers all say their segment is woj;^g fine." Afthough . 
this searcher did not mention contacting y(ne NDn-line 'supplier, we 
believe that the on-line suppliers can oftenC^e .helpful in coordinating 
^with other suppliers to diagnose problems. , , 



9K) IMPACT ON^LI^IE SERVICES , 

We first asked, what benefits the organizations expected when they 
started using on-rine services. The list below indicates the nfianagers', 
resii>nses to a number of choices provided in the questionnaire. . Later 
we asked the managers whether all or most of these benefits had been 
realized. Nearly 92% of them said Yes. Responding to the question. 

nJ - 9 6 



b«nefii of ^uslng on-line systems?'", ,472 managers responded a$ follows: • 

• 72.0% Faster turnaround tim^. - 

• 67.5% Access to additional sources of information 

• 56.9^ Reduction of staff time * - , ^ -w 

• 47.2% Greater precision in searching 
f • 44.4% Serve more users 

• 43.0% Capability for literature-searching services * 

• 5.0% Other ^ • , 

• 2.9%, pidn*tknow 

^ In Commentir\0 on their success with on-line searching/ managers 
most often noted a^reduction in search time, the ability to serve more ' 
users, and access to information previously not available. They also 
• * mentioned increased user s^sfaction. One manager reported that his 
organization, which had previously provided onjy minimal literature 
searching services, was now doing 200 to 300 searches per month. 

Another manager^wrote xh^, in the days when all of their searching 
was^ done manually, literature-searching services were available only to a 
few faculty members and administrative personnel. VVith the use of the ^ 
on-line system, this organization can now provide service to all students 
and staff, as well as to outside hospital personnel. Other managers 
reported similar changes. 

With respect to increased access to information, our survey responses 
showed that more information is now available to users because the 
staff now knows what is available and where to look for it. In addition,^ 
on-line searching has permitted organizations to perform Ikerature 
searches of a depth and qujdlity that were hot possible— or, at least, were 
not practical—with manual searching. ^ 

Both managers and searchers were asked about the contribution of 
on-line searching to staff productivity, ive posed this statement: The 
productivity of staff is greatly increased by the lise of on-line services. 
Over 75% of.the managers agreed or strongly agreed with the statement, 
and only about 11% disagreed. The results were even more positive 
from the searchers. About 77% agreed with tKie statement and only 
7% disagreed. Further analysis of the data shows that the more searches 
an organization does, the more likeJy4t~is^tO-j:epbrt that staff produc- 
tivity has increased. 

We asked the managers wHether there had been ^y significant 
changes in staff attitudes or morale because of the introduction of 
on-line searching. Nearly half of the managers reported significant 
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chinges, and . most of these changes ware p&ltive; ^^The *^ 



manttonad mo«t often for such changes vnai what; the managers 
parpjiivad as an increased sense cf professionalism among the st^ff. 
Soma manageiT'tvpon^ that the change in attitude stemmed frofti 
increased' Interest in and enthusiasm' toward literature searching; 
because the on-lme system had takim much of the drudjEiery and^tpdlum 
out of searching. v \ 

A few managers-*1§ out of I^OI^had complaints' about on-linei 
services. The most often stated cQmpl»nt-and one that irMrpstingly 
enough, actually attests to the sucoiss pi on-line searching-v^as thai the 
on-line system had proved so popular with the clientele that the staff 
had been deluged with requests for on-line searches. Unfprtunately, the 
-size of the staff had not grown to offset the increase in tf)e»use of the 
facility and the same staff was faced with more work. V 

We asked searchers to compare t fie quj^ty of searches obtained from 
an on-line system with sedrchcls performed manually or by batch 
processing. The responses were sredominantly jn favor of on-line 
searches, ^e also as)(ed about the cost-effectiveness of on-line 
^archipg, in cortiparisismwith boti manual and batch searching. 6oth 
searchers and manager^ res^}Dnded in favor of on-line searching. { . \ 

Mahy of the searchers and Tianagers did not respond Ito the 
questions asking for comparisons c f on-line with other types^of Isearch* 
ing.. A major reasph for^this is tha : at least 24% of the organizations in 
our survey had never done any kind of literature searching before. Thus 
they had no basis for comparison. It is obvious that, when we stop to 
consider what the impact of on-line searching has been, we must 
include the introduction of literature search services in organi;:ations* 
where they have never existed before. 

What about user reactions to on-line searching? We ask<d the 
managers about end-user reactions, compared to those for the literature 
searching services previously avail ible. Of those managers who were 
able to make a comparison, over 65% reported users' reactions to this 
new literature-searching tool to be favorable. ""Only 3% reported 
unfavorable reactions. The managers also reported some* interesting 
changes on the part of their users: Users have come to expect faster 
service from the library or inforniation center, and some users are 
irritated when manual searches cannot be pKiwifTed as, quickly as 
computer searches. As one hjrrassec mahager put if; "The users seem to 
. think that we are automated in everything/' • 

One Interesting comment on use^ satisfaction came from a manager 



who said that engineers, scientists. 



the results of on-line literature searching than they do the results of 



"manual searching, even though the 



lind researchers more readily accept 



quality of the search is obviously 
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' vV,.: ' \ ■ , ' • : ■: 

stnrytermined by t^e adeq uacy of the search'prescrliption ^{grmulated 

by tbt librarian specialist. ' 

TheJmajor s'fl^s of the acceptance of on-line services are not simply 
♦ the *exp^sio;»^f satisfaction but the indirect measumoisuccesSv We -'^ 
^ asked managers this question: How has the on-line service affecfed the- - • 

numbec of users of your information services? Over half of the organi- 
.: ^ zations (^2%) reported that the number of users has Increased. In 17% 
' ' of the cases^ the onTline service allovved the . organizatiofi to serve^more 
users, even though it vvis not the only reasorrjhat ri^bre users Were 
» being Wed: In pnl3^ t59^*of the cases was tTiere no effect^ on the 
nuhiber\)f users. , ' 

An increase in end users naturally means an increase in the number 
of search requests that a library must be prepared to process. Searchers 
in one organization saw a ten-fo)d Increase in the. number of search - 
requ^ts overa 12-n\onth period after the on-line-s^rvice was^instituted, 
. Although^e experience of this organization mdiV'not be typioal many 
rrranagers c/id claiiTi impressive gains in the number of searches being - 
^ performed fot their users. 

We asked the searchers to assess the impact of on-line searching on 
' their workload and their productivity .*F(/r 49% of the searchers, their 
workload^ncreased with this new service. Interestingly, the increase in 
workload does not necessarily mean that new staff must be added. 
• Presujpably some of the increase is offset by greater staff Iprpductivity/ / 
About 76% of the managers in the survey reported that the increased ^ 
speed and* efficiency of on-line searching ovef other modes of searching 
increased staff productivity. Only 22% of the managers believe that the 
* introduction of on-line services requires adding neW personnel to the 
^ staff. As might be expected,' the managers who believe additional 
. personnel are required tend to work jn organizations that;perform a 
large number of searches.- In those organizations that perform fewer 
than -20 on-line searches a month, on^ 16% df the managers feel the 
need for additional personnel. 

(.lany managers indicated that the on line service caused an increase ^ 
in the use of other resources. For example, in nearly 56% of the organi-* 
zations there has been an irrcrease in the number of requests for full- ^ 
te)jt copies.of documents. This increase Is, in turn, having an impact on 
acquisitions budgets and on interlibrary loan requests. « , 

10; SUMMARY 

This summary report has touched^ on ^ome of the highlights of the ^ 
study of the impact of on-line bibliographic retrieval systems. Such 
systems have been in existence for nearly 15 years, but only in the past 
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-their full potential .begun tn he realized. Jift/hat-4he SDC 
study has shown is that these Systems are highly regarded by those that 
have used them and" that, in spite of growing pains stemming from 
a$-yetHmperfect technology, pn-line searchirig is growing in importance 
\and usefulness. , / 
* Qn-Une services are having a profound impact on library/information 
r|Bference service, not only in terms of the speed and comprehensiveness 
df service, arTd the improved self-image and morale of the information 
professionals involved, but also in terms of the philosophy of service. 
Miny institutions that have begun using on-line services have had to 
mctdify or comproinise er free-servjce philosophy to cope with an 
unexpectedly high demand for on-line service, a demand that has 
strained or overwhelmed existing budgets and required either the 
curtailment of service or the imposition of uster charges. 
. Mbst of the current users of on line bibliographic retrieval services 
are information intermediaries, bu^ the number of scientists, tech- 
nicians, businesspersons, and others who are doing their own searching 
is growing, and this growth presages a vastly larger community of users 
than we see today. The. SDC study has provided a wealth of data to 
help information professionals and users take fuller advantage Of this 
new technology, and to help data base developers and suppliers of the 
on-line service^ continue providing a responsive service. For information 
sci!Bnce.researchers,.tVie study 'provides insights into issues that warrant 
further examination. The importance of this technology to the library 
'and Information services Community has been clearly established; 
responsibility for the further development of this technology and the 
maximizing of rts potential rests with all of these^udiences. 
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1.0 INTRODUCTION . ^ . 

One of the consequenqes of large scale library automation, computer 
^networking and mechanized information retrieval is the sad fact that it 
becomes increasin^y difficult to isolate* and talk meaningfully about a 
single level or type of service. Very often this represents only a 
component of an interrelated system which supports and in'corporate^ 
the particular service as a module, a sub-system or perhaps a purposeful 
assembly of these. ^ 

This paper will reduce the many facets and activities of a national 
system into the direct functions of reader or user services. Only brief 
references are mad^ to the grand design, the setting and the organiza- 
tional aspects of the Canada Institute for Scientific and Technical 
. Tnformation (CISTI) which offers these services to Canadians. CISTI is 
a division of the National Research Council of Canada that was created 
in October 1974 by the merger of two organizations: the National 
Science Library, which has existed sin<»--t924, and the Technical 
Information Service, formed in 1945. Thue tWQ^nified organizations 
operate as the central node in the' evolym^g,^^na9ian sciiehtific and 
technical information network.. CISTI maintains an interface with 
varjous types of end-users and also reinforces the service capabilities of 
.other Canadian libraries and informatibn cer\tres. Thus, CISTI is now 
retailer, wholesaler, importer, and, perhaps in the future, exporter 
of information as well. W 
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2.0 CISTI *SERVIC€S ' 

' Reader services, in the traditional sensf, are insignificant in the 
CISti organizational environment. There afe few people in the reading 
areas or browsing in the open stacks where some one million volumes 
are held |Hd 19,500 serial titles collected. Researchers of the National 
. Research \Council laboratories, of the two local universities, and of 
industrial ftrms*' borrow volumes and request information from the 
Reference Departifnent, but the bulk of the services is provided to 
indrvfduals and organizations which are located outside of Ottawa. For 
ekampie the Interlibrary Loan Department receives. a daily average of 
400-600 requests for photocopies, monograph loans and microfiche 
blow-ups. » 

' *A large portion of the. lending and duplicating transactions back up, , 
with hard-copy literatuee, the retrospective or alerting inforfnatidn / 
services which CISTI provides nafionally. The collection building and/ 
acquisition policy is directed, toward the subscription of journals and 
the purchase of monographs which are not, held elsewhere in the 
country. The collectipn is checked quarterly for l.-week test periods to 
rank-orcJer the usage of periodicals and to list the disciplinary subjects 
in order of .usage frequency. Once each year periodicals usage is 
evaluated by plotting the titles per subject against the ^requests per 
subject to see whether supply and demand are harmonized. 

* The retrospective and alerting information services, which are 
backed up by the collection, can be divided*into three categories. All of 
these are co^nputer-based and operate in a network fashion.' Two^ of 
them-an on line enquiry service and a selective dissemination of 
information system-were created\and are maintained by the Natiqpal 

Research Councik The third functions by hooking up.t^nadian users, 
via a telecommuni(Jation network, with a system in the United States. 



3.0 CANADIAN ON-LINE ENQUIRY SYSTEM 

«» 

The first, CAN/OLE tCanadian On-Line Enquiry System) has been 
in operation since March 1974. It was designed to provide retrospective 
searching of large bibliographic reference files all major fields of 
science and technology. In 1976 overfi^ur million references of six data 
bases can be accessed through approximately 240 terminals across the 
(country: Biological Abstracts; Chemical Abstracts; Engineering Index; 
rhVBritish INSPEC service covering physics, electrical arid electronic 
engineering, computer and control; the NTIS data base; and the Union 
List of Scientific Serials in Canadian Libraries. Is CAN/OLE a unique 
system? To some extent^ it is unique. The user does not get only 
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references to published papers when s/he is searching the vafious files, 
/ S/he caij also switch immediatel/ to the^nion List-, one of the available 
v'> data bases, to find out wNch .of the 250 science libraries holds the 
required seriaf title. S/he will know whether the journal h held in the 
library of his or her own, organization and, -if not, which is the closest 
holding library. Alt' libraries partieipating in the Union List project of 
CISTI afb^ equip^ied, and willing, to prdvide leadirtg or reprography 
services. Another 'unique feature of CAN/OLE is its bilingual, English^ 
and French, interactive conversation capability. The third is a support* 
' ing communication' system by which CAN/OLE can be reached from*1 1 
large cities qi Canada through a self controlled communication 
' netwbrkjThe bities are Vancouver, Calgary, Regina, Winnipeg, Toronto, 
* / Kitchener,* Ottawa, Montreal, Quebec, Halifax and St. John's in 
« Newfoundland. CISTl\:or>trol of the communicafTon network enables 
the Institute to offer CAN/OLE on an "equalized rate basis" so that 
access to the sVstem costs $40 per connect hour across the^cou.ntry ; in 
other wor^s, the charge for OLE services is the same in Vancouver or 
. Halifax as it is in Ottawa where the system is operated.' 

CAN/OLE is a growing system bpth in terms' of users and of search-^ 
able flies. The next data base sch^uled to be added is a modest 
Canadian version of the Smithsonian's Science Information Exchange, 
. SSIE. Thefile is produced by the Information Exchange Centre of 
CISTh wMtt: has a strong Maison with the 31 granting agencies of the 
federal g^WKnme'nt. According to a Cabinet mandate, these funding 
bodies supply CISTI with a fact-sheet of each research award they give 
to academic institutions, including fiscal data and a brief abstract of the 
project. Consequently, the lEC file contains roughly 10,000 entries 
annually plus approximately 30,000 project descriptions referring back 
to .the last three years. CAN/OLE is not only a bibliographic search 
sys|tem, but 'also a location tool and a national directory of subject " 
ex^rtise. , . 

As an^vypconventional reader service CAN/OLE is very significant. 
Training courses for users are held monthly, and the link between local- 
terminal- operators and CISTI is rather strong. Just recently the- 
\ Institute conducted an extensive national user survey which supplied 
invaluable information- on the overall reaction of sCibscribers; thd 
findings of this study will assist us in further refinement and extension 
' (jf CAN/OLE. ; , 

4.0 CANADIAN SELECTIVE DISSEMINATION • 
OF INFORMATION SYSTEM - 

The second large system I wish to introduce is CAN/SDI, Canadian 
Selective Dissemination of Information, which, in batch format, serves 
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•wifw 2100 lubicriber* with perionsHzed biblioflraphies. At the moment 
16 d«ta bases are utilized; BA Previevw. CAIN. Chemical Titles, 
qhamical ."abstract Condensates. COMPENDEX. ERIC. Geo Ref. 
Qovemmwt Reports Announcements. INSPEC. the MARC tl of the 
Ubrarv of Coriflress. METADEX. Psycholoflical Abstracts, and tapes 
piMuced by the Institute for Scientific Information in Philadelphia. 
Some time ago *e Institute attempted to explore in a nationv»ide study 
how manv people were benefitirig from CAN/SDI subscriptions on a 
regular basis. Staff learned that, on the average. 2.8 people participated 
V the formulation of a search profile. This is' the number that is 
directly served by the output. This result means that the present 2100 
suhecriptions are covering a user population of roughly 6.000. 

Since the accuracy df .the search profile (a list of keywords arranged 
in a Boolean formula) is the pre-requisite of relevant output. CISTI has 
made special ef foists since /\pril 1969. when CAN/SDI became a 
national, service, to improve and maintain a high quality of the 
•individual search strategies. .The system-user interface rests on two 
levels Jhe Institute contmuously trains users to produce their own 
profiles and also organizes monthly seminars in Ottawa and elsev»fhere- - 
for search editors who Iteep direct contact with the scientists and 
researchers whom they sewe. Thus, over 90% of all search profiles are 
formulated and monitored either by the end- us o r s or by t betf-appointed 
•co-workers or librarians. With scientific and technical subscribers CISTI 
has established a direct interlace. However, some of the data bases are 
^tside the natural sciences and engineering, and CISTI staff does not 
possess adequate subject expertise and terminologica! competence to 
sup5)rt them intellectually. Therefore. GAN/SDI is offered also: 
through the National Library for users in the .social sciences and 
humwities; through the Canada Centre for Mineral and Energy Tech- 
nology for users in the mining technology and mineral sciences; through 
the Geological Sun«y of Canada for geologists Jtpd earth scientists; and 
throughfjAgriculture Canada for the agricultural communities. This 
indirecti? offered portion of the service is supported by CISTI on y in a 
techhical sense (the Institute runs and searches the data bases). All user 
contacts are maintained by the participatingjfederal departments and 

agencies. ' / ^ . 

Beyond its natiohal significance the CAN/^DI ^VStem ha^^^^^^ 
internationally utilized mode of service withiA the UNf SCO/UNIS ST 
programme. CISTI is assisting UNESCO-member states to establish 
national SDI services modelled after CAN/SDI:- Assistance consists 
primarily of providing, without cost, the complete CAN/SDI so|tvvare 
oackaoe. staff expertise and on-site training of operating staff. The 
° recTpient country, with the help of UNESCO funds, is responsible 
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for lending appropriate staff to CISTI for a minimum three-jrionith^ 
training^ period and for ensuring that appropriate equipment and 
resources are available in thisir country.- To date, the Institufe has 
assisted in developing national SDI services in Australia, South Afi;ica, 
Argentina, The Netherlands, India, Mexico and the United Kingdom. 

5.0 AN ON-LINE MEDICAL INFORMATION PACKAGE 

third category of these national systems consists of an on-line 
package which Canada receives directly from the National Library of 
Medicine in Bethesda. The package includes MEDLINE, TOXLINE, 
CHEMLINE, CATLINE and the smaller standard files. The bilateral 
agreement between NLM and CISTI placed the whole Canadian service 
under the Institute's administrative and fiscal supervision. Thus CISTI 
provides the funds to cover the cost of indexed input into MEDLjNE 
which is a Ca nadian responsibility in the quid-pro-quo arrangement. 

Ill ■flillliiiitvnTI provides user and operator training and monitors 

the connect hour use of each MEDLINE centre. At the moment 37 
Canadian MEDLINE centres have been established in 16 medical 
schools, in governmental and industrial research organizations, and in 
the CISTI Health Sciences Resource Centre. The CISTI centre offers 
not only on-line search services but also SDI services in a batch mode 
for 93 Canadian medical researchers. The charge, for MEDLINE is(^28 
per connect hour which includes communication charges through the 
Telenet and TYMSHARE networks. Both of these networks have access 
nodes in most Canadian cities. ^ ' 

6.0 CISTI CHARGING POLICY 

CISTI is maintained by public funds and a whole range of conven- 
tional library services are provided free to the public. Pbr. example, the 
Institute does not charge for lending monographs or providing reference 
services to the user. However, it does charge for photocopy'processing 
and for related staff-cost in reprography. The charging rate for photo 
duplication is 22i per page with a minimum of $2.20. The standard rate' 
for CAN/OLE Is $40 per connect hour which includes communication 
cost CISTI does not retrieve the cost of data base storage, file mainten- 
ance and staff salaries. CAN/OLE users are charged for the processing 
cost, stationery, postage and royalties. The same schema, by which 
CISTI absorbs the fixed cost Snd retrieves the variable cost, applies to 
CAN/SDI as welL The Institute does not recover staff salaries and data 
base co^t. However, SDI users are chargec^or processing their recurrent 
searches, stationery, postage and data base royalties. 
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Reader Services 



1,0 THE REFERtNCE LIBRARIAN'S ROLE- 
LEVEL ONE 

Reference librarians at the University of Toronto Library are 
working ot^ two levels witji computer based bibliographic files. Each 
level presents a wide range of problems and demands a variety of skills 
from staff members. 

On the first level, librarians are users^f both commercially available 
data bases, through such retrieval systems as- D I ALOG and ORBIT, and 
a very Jarge machine-readable file of the University of Toronto's 
library's holdings. The Reference OepartmenJ^ has phased the use of 
madiine-readable files into'^the existing manual mode of operation. 
Reference librarians regard these data bases as additional, or alternative, 
reference sources for library researchers,fand they advise users regarding 
the suitability of files as they, would for manual sources, based on the 
library user's requirements, content of the file, and available access 
methods. Whether the researcher ultimately looks for materials in a 
.published bibliography, printed periodical indek, library catalogue, 
on-line data base, or a combination of these, s/he still requires that the 
reference librarians be able to advise him or her based on their % 
knowledge of the available Sources and, most importantly, their ability 
to help him or her define information requirements. 

This level also requires that reference librarians do a considerable 
amount of what, in other kinds of institutions, might be called 
marketing. Besides explaining the use and potential of automated 
indices and catalogues at the subject oriented bibliographic seminars 
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jhat they^teach- to students, they feeKhe need.to actlveh^ publicize the 
hew ways to find infofrmation' InterertingTy, success Ihyattr^^^ 



people to' the new technology Has made it necessary for the reference 
librarians, at U of T to do qui*te a bit more general library orientation, 

10 THE REFEREI#E;tiBRARIAN'S ROLE-- 
LEVEL TWQ *!/ , 

Vhe second.level of reference staff mvolvement with computer based 
systems is partictp?ition in the design pf products and services from the 
Urtlversity of Toronto Library's computer basedcataltJgue. Thp UTLAS 
Cataloguers .a: m^hine-readabie fliejn MARC format of about 1,2- 
million records,^'representinci most. of the library's cojlection^Pnmary - 
access to this data base-.^s currently; through^ .oomputer output 
microfiche and •microfilm'. As.of July t^e* University of Toronto 

Library "closed" its card Cfltaloguev.and^the-.nfilcroform alternate is now 
the only ongoing record of Koldin^s fpr library users, Reteren.ce staff 
participated in the design of this alternate whicK differs in form- from 
the 4raditibnal' card catalogue. It consists of short index entries 
(authors', titles', and subjects) pointing, p a full bibliographic record; 
^ sorted by call number. The micro-catalogue is now ^available In over 
fifty locations on campus; providing users with forty-nine extra places 
from Which to access the total collection. ^ ' • ' v 

Reference librarians have also experimented with on-line access to a 
shortened , form of each record in the file' thrdtigh a browseable cafl 
number index. In bo'th the on-line ^nd microfbrm projects, /efeVence 
librarians.haveV/orked closely with technicSl services and systems staff. 
They expect to continue this , working 'arrangement as the .librarians 
monitor user reaction to the micro-catalogues and to an ex^,9ns1on of 
on-line access in 1977. : , 

3.0 CONCLUSION , ; .JA • 

Reference librarians at the University of Toronto Ubrary h&vehad, 
ov«r the past two years, a rather unique opportunity to become familiar 
with automated bibliographic systems, not only as users, but also as 
innovators in sys.tems design and application. This has^lready shown 
positive- results for the library in the relative ease with which the COM 

^catalogue Kas gained acceptance by library staff, and user^ and in the. 
on-going constructive dialogue which has been established -between 
reference staff and the technical se^ices section of the libra"Mt. Most 
important for library users, reference librarians are buildirtg the 

y expertise necessary to exploit computer based bibliographic files to 
their full potential. 107 * " 
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by Ralph E. Stierwait 



Ontario Universities' 
Likyary Cooperative Systems 



1.0 THE ONTARIO UNIVERSITIES LIBRARY 
COOPERATIVE SYSTEMS ORGAJ^IZATION 

There werft^several principles established by the first members of the 
various projects in the Ontario Universities' Library Cooperative 
Systems (bUbQS) organization. The^ were and in 1976 still are: 

• Adherence to a set of standards for eiach project developed by the 
members; . 

• Requirement tliat all cooperative projects must have the potential 
for being cost beneficial; 

• . Desire to integrate any cooperative system^ with existing wprk 
\ Iprocedures and routines or replace procedures and routiniss used 

in the earlier services and/or processing procedures^ 

• Requirement that each project belong to the members of the 
project; ' . ' 

" ' • ^Equitable sharing of certain costs by, the members in order that 
an institution' should not be penalized because of geogc^phic 
location or size. Some of these costs are for lines/ terminals, 
membership fees. Office of Library Coordination support, etc.; 

• Maintenance of open membership in all of the computer-based 
projects for alt kinds of libraries in Quebec and Ontario. In fact, 
non-university libraries shodid be encouraged to join; 

• .Coordination through the Office, of Library Coordination whose 
authorities and powers are granted to it by the memtS^ers of the 
various projects; • ^ * * 
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• Fteliioce upon the goal of cooperitWe development only urttll if 
beconw ineffective. CoopeVation should npt spread poverty on a 
wider scale; ■ \ ' - 

Purchase, rentai .-or 'adaptation of systems, documents and- , 
techniques required l9y the projects whenever possible^ 
. The'four major gials^f OUiLCS are listed .below in priority ordir! 
1. To provide improved mformatidn services to users of libparies. 

• 2. To. provide the means f6r the greater andjnore effective sharing. 

of research resources among libraries. - , 
. 3. To develop the>n^ns io} and promote collection -development 
rationalization. . ] 

H "IV design^ develop, operate ^nd utilize^ cooperative ji^jrary 
^ support systems which will assist fhe mirnberi of the various 
projects to reach goals 1 through 3 above. 
, To a large extent, the gpals and principles' of OULCS have* 
determined the -group's approaches to managing the cooperative 
projects -and evaluating the use of the various systems. Th^ Office of 
Library Coordination is^esponsible for gathering and analyzing use and 
co$*t data and preparing reports for the members. The ^Office is also 
responsible for interpreting data for individual -^members and the 
jBeml>ership at large. - 

2.0 MANAGING SYSTEMS 

2.1 Computer Based Systems 

Much of the information essential for helping onr operate efficient 
and economic automated systems is of use to the ind^dual user as well 
a* thft group of users. For example?, Owiful information includes but is 
hot limited to: . ^ . . 

• connect time ; ^ 

• p.p.u, seconds 

• page milliseconds (core utilization) , ^ 

f disk accesses . ^ 
; • number of records displayed 

• number of records derive^ 

• number of titles added 

• number of records processed 
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• number of terminals on-lin^hd at what time during the day for 
the individual user and for a group of users 

• growth of the union file 

how many derived records; source? 
how many original records; source? 
how many union file records used? 

how many record processing commands? 
hold 

file . • 
store* 

• how many kits (spine and book pocket labels and punched 
^ circulation cards) required per title? per record? 

• the percentage of connect time used for searching 

• the percentage of connect time used for cataloguing 

• the length of time it took "x" institution's terminal operator "c" 
to input an original record; a derived record; to use a union 
record. * 

2.2 Applicatron of System Use Data 
%o In-House Management 

Many of the members of the various OULCS projects were relatively 
unaccustomed to computer-based systems in the beginning. Most of the 
first members spent a great deal of time learning ajDOut how computers 
operate and how the planned systems were likely to perform. Sinwiir 
stafi likely to be affe.cted by or have an effect on the computer-ba^eS 
system were Involved in the learning process, this learning took place at 
every level of staff in the library. 6bservation and analysis make it clear 
that those people wHo admitted that they knew nothing learned the 
most and have maidie Jhe most efficient and economic use of the 
computer-based systemsJ^A careful study of the machine and its capa- 
bilities^ and of the software systems and how they work, is essential to 
organizing a library staff to take advantage of the machine capabilities. 
When the computer does everything it j:an^do, people are free to use the 
capabilhies they have, like brains, that the machinery doesni have. A 
sound' knowledge of the hardware and software also enables the 
members to advise developers on how the software can be improved to 
perform better and to provide more services for them. 

The members also require regular management reports in order to 
manage effectively. These reports are reviewed and used by staff at all 
levels including the terminal operator, - the Chief Librarian, the 



110 



^ti^M^" Oe^TARIO UNIVER^^^^ 



dttlpguer, the bibliographjic checker, the diviiion head, and so on. 

%Vithough it spmetimei indfcatei Inefficiency, people are not threatened 
by, the dati. OULCS staff Ihave tri^d to introduce a spirit of challenge 
(man over machine), individual management of one's work and partici- 
jpiatlon in planning, budgeting and decision making. 

2.3 Sy^ems in General 

It is important to pciint out that responsibility for efficient and 
economic use of the systims rests with the OULCS individual members. 
Neither the members nof the office staff want any higher central office 
or agency telling them the what, how, when and why. Adherence to 
this principle assures thlt each member will have quite a bit of flexibil- 
ity in deciding how ttje systems are used and vyhich aspects of the 
systems will be .used. However, peer group pressure is brought to bear 
on those members wtfo abuse facets of the system that affect the 
economy or efficiency of the group, such as non-adherence to 
cataloguing or format standards, or misuse of computer resources, 
which may drive unit (jfosts up for the entire membership. 

The Office of Library Coordination is authorized by the members to . 
. undertake in-house sorveys of member libraries. These surveys record^ 
organization, workflow and management, techniques. In a wrap-up 
session, always held with the library's* management team after the 
survey, Office personnel emp>>asize both the good points and the 
' problems and offer ^vice on how the problems may be corrected. The 
member library is ndt obliged to accept or use the advice. After a report 
of the survey is written and flow charts are prepared, the report and 
charts are approved by the library and then distributed to all members 
of the project for their information. All of the memj),ers have leArned 
some usefCil tips from each other which have been intrbdUc5ed into the 
individual's library organization, workflow plan, or management tech- 
niques. Many of the members also consult the Office of Library, 
Coordination for advice on problem solving, system expansion, etc. 

iA New Members ^ 

Prospective new members receive advance documentatioh,* are 
encouraged to visit member libraries to observe ^he particular system in 
' operation, and receive a visit from Consortium Office staff. Often a 
member or members of the project visit the potential menjber campus 
to give a full explanation of the particular system and a survey of the 
library system. Obvious potential problems are pointed out durlngahe 
wrap-up settion. A report of the survey and a cost picture are prepared 
for the prospective member and for the membership. The survey team 
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then recommends to the membership whether , or not the prospective 
member should be accepted Into the project. If the memt^ership 
approves acceptance, on-site training in the new member's Ijbjrary is 
arranged. (Cataloguers or coders are trained in the coding techniques of 
the system^ and terminal operators are taught to use the CkT and 
printer. I . , 

It took the first members In the UNICAT/TELEGAT Prdject {Union 
Catalogue System) approximately eight to ten months to learn to use 
the system efficiently. In Novemberc.1976, it now takes new members 
about tviy mon'ths to reach an acceptable level of efficiency. 

Management data are used extensively to Explain the systems and 
teach people to use the systems to t^H»est advantage. 

2.5 .The Information ^ndtlstry 

All of OULCS major projects are self-supporting. The consortium 
does not have grants from governments, foundations or agencies to 
subsidize its work or the use of any of the systenhs. Therefore members 
are encouraged to be efficient and to discover ways of doing library 
work and operating systems economically. 

The members of the OULCS projects subscribe to the principle that 
information, and the m^ny products necessary to gather it, record it, 
and preserve it, have commercial valge. OULCS memberisell everything 
they can in order to acquire funds for research and development, and to 
offset fees for the use and/or the operation of systems. Although 
acceptance of this fact works to the members' advantage in several 
ways, perhaps the most important influence is that people are 
encouraged to do better work because t>f the sales' potential. 
. Items for sale include: 

• unionj ists in print form and on microform; 
^ • coding, cataloguing, and procedural manuals; 

* • cataloguing, editing, end bibliographic standards; 

• bibliographic records; and 

• consulting services. 

Items available for lease include: * . 

•/ software packages; and 

• machine reada^ble data bases for use in infprmation systems.. 
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On occasion, OULCS will /trade products wherKmembers of the 
participant projects are satisfied that what the consoTtium receivers in 
return will be of benefit to the members of the project. ?The 0U|LCS 
consortia recognize that therW is still much to be learned about coopera- 

' tive development and reachirig goals of efficiency and economy. Ohe of 
the main .concerns is that we, collectively, remain flexible, jkeep 

* analyzing, and continue to find solutions to problems in order to^each 
the group's goals. 
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Chapter 14 



by Gordon H. Wright 



1.0 INTROD 

'Mn reviewing, » senses an excited gathering of libcdrians'* 

concerns and an'Nixcited move taward co-operation in dealing with 
them/The need fbir cooperation today is at onde grimmej; than in 1876 
and easier betiaus^"^of,new technojogical support. In .t976, one feels a 
shimmer of excltqfir^^nt on the edge of new areai of co-operation, and 
again, librarians a^i^roaching them willing to face the hazards to each 
library's autonomy^ which change will bring." 

\ So says Helen Tuttle in her survey ''From Cutter to Computer" . . . 
(ColL & Res. Lib. Sept. '76) The shimmer of excitement may' be a 
shimmer of horror as the ability to manage wanes and the forces for 
economy in scale* and mass production technique ]ock^ for position.* 
Ihjieed today's tragedy is that the poyver politics of ^networking is 
obscuring the real problems that have to be solved before effective 
local library service can exist within a national neftvork. 



2,0 POWER POLITICS IN LIBRARY MANAGEMENT 

*- 

It isn't, of course, all d^e to power politics. The library maQ?ger 
innovator rarely has a free choice of computer or computer, manage- 
ment. Too often, once enmeshed ih the computer. Innovation l> 
blunted, changed, and redirected either through computer personnel, 
network directors 6r other ; participants. In the past the library 
innovator could distinguish and set priorities as perceived for the 
library^ apply ^nd adapt new techniques in-house for the mutual benefit 
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Of patrons, administrators, and themselves. Today the library innovator 
feels at the mercy of the computer network innovator who may have 
similar goals-similar but not the same! A network innovator looks to 
the number of users he can service whilst the library innovator looks to 
the number of systems he can service. While these ma/not be mutually 
exclusive, they probably are exclusive in time scale. 

•Unfortunately, to meet the needs of the mass market, the computer 
innovator has looked to the degree of sameness that can be found m 
order to create, develop, and exploit the produo*. To establish the 
market this naturally leads to an extension of the services beyond the 
immediate confines of the Region served by the computer. It is a 
further short step to pander to the needs of the mass market by concen- 
trating on a cheap production. Cost reduction becomes more important 
than cost efficiency. Innovative products such as PRECIS, which are 
developed by re-structuring library, requirements ' around the 
methodology of the computer, are further at risk and take even longer 
to implement than the average change implementation process. 

Hovwver in the functional environment, the library manager and 
■ library innovator are controlled by the degree of differences that exist 
both in priority and application. To generalize, • . 
Universities have tended to consider these goals as- 

• collection building, bibliofiraphy. delivery 

public libraries as— 

• public service, freedom of choice, simplicijy of access 

school as— ' ' ^ 

' • curriculum integration and stock relevance. 

The differences that exist between these goals must be carefully- 
considered in network planriing. 

3^0 PEOPLE WHO IMPLEMENT CHANGE 

" It is said that people create the greatest threat to success of co^ 
operative networking. E. M. Rogers and F. F.. Shoemaker (3) have 
defined the characteristics of those involved '""°^«^'°!;', 
Innovators are venturesome and willing to accept risks even If they have 
to absorb financial loss. Since early adopters are much more an Integra 
part of the local social system and role models for other members of 
the community, opinion leaders are often drawn from their ranks. The 
trouble is.that they are not only of higher status but are on the move m 
the direction of a still higher teve(,of social status. In fact, they are 
more likely to use innovation as a means of getting there! 
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thret\other categories of persons involved in adoption of 
innovation: the eaiily iftbjority who deliberate carefully before adoption 
and'rariely ever leaq; the late majority, the si(eptics willing to proceed 
when persuacl^ an^then only when the weight of evidence in favor 
is overwheiming; and) finally the laggards who are more lilcely to adopt 
the idei once It has been superseded by another. Laggards are 
^suspicious of innovation, innovators and change agents. 

This is the conglomerate that fashions the future of any profession, 
this Is thc^ mix pne can expect once the local innovator erK^eavors to 
involve colleagues in a networl(. How does one make the mix palatabte?'^ 
Can' a networic ^develop which facilitates the dissemination of 
information and achieves creativity In the process? If so what are the 
pfenning requirements? . ^ 

4.0 CHANGE IN EDUCATION AND LIBRARIES 

It has been perceived that Innovation has a slower adoption rate in 
' education than any other area. Libraries often function as educational 
institutes. Indeed, within the community .they serve^ they provide th^ 
cheapest form of personalized education availabje. Mop (2) stated that 
"the average American school lags 25 years behind the best practice." 
There are obviouily a number of reasons for this observation. Pi&rhaps 
the most likely reason for 'this behavior pattefn is that teacher and 
librarian are more concerned with the dy|/unctional aspects of the 
innovation. However, from a variety of studies, one conclusion has 
elVnisrged.' The communication process involved in implementing a 
decision in education is either short circuited by an authoritative 
decision or confused by the complexity of collective decision'maldngi 

Since . most educatiopal institutions are formai organiziationi, 
deliberately established to achieve predetermined gbals, they are 
characterized by prescribed roles, authority structures and members 
governed by /ules and regulations for behavior. In this type of organiza- 
tion, the decision unit has more authority^ whether it is individual or 
collective, than the adoption unit. Oh the other hand, the successful 
adoption of the change will depend on the degree of communication 
and trust between units. As a generalization, Rogers gnd Shoemalcer 
state that both the individuals' acceptance and satisfaction towards an 
authoritative innovation decision are pbsitjvefy related to theif degree 
of participation In innovative decision-malcing. , 

In the normal university library, the innovator experiences 
constraints imposed by the Institution as a whole, thus, successful 
innovation will be dependent upon the nature and degree of participe 
tion that has been encouraged amongst library and university staff. 

■ -lie ■ ^> /' ; 
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Stepping into a network diffuses the communication process still 
*further^ the participating^ role is often ignored beyond the senior 
managemeht level. Worse still, because the goals of the network may 
not be the same as those^of the institution, the collective ox authori- 
tative decision which may stem from the network may not be in thQ 
best Interest of the library either to adopt or to implement at that 
moment of time because of the personalities or economics involved. 
' The task of the manager^ to encourage adoption, is more onerous and 
resistance is likely to fester and grow. * 

Ho wonder, then, that network cooperatives have been ultria- 
cautious in approach. Resource sharing has been limited to areas where 
only small adoption units have been necessary such as units concerned 
with establishing union serial holdings^ resource collection sharing, 
union list of non-print media or in a single system development such as 
cataloguing. Perhaps this is the tragedy. User co-operatives have been 
fearful of the management consequences of their entanglement, whilst 
computer directed networks have be'en- fearful that local involvement 
may preclude their ability to capture the mass market. 

Surely the innovative concept of the computer provides enormous 
flexibility to the library mahager in library admfnistration and service. 
In the past, the manager could only arrange th6 resources in a standard 
structured array and with limited access points through cfard catalogues. 
These limitations irpposed codes of practice and regulations that t>ore 
heavily on staff and patron alike. Local co-operative endeavor, based on 
the need to avoid r^eedless duplication of material, depended more on^ 
personal contact than objective study. Co-operative exchanjj^ bf 
information between^ institutions" vyith similar goals depended on 
professional collaboration. 

The computer has made nonsense of much of this. Standards may be 
necessary, not for filing nor for shelf arrangement in individual libraries, 
but for: ^ 

• codes to facilitate retrieval especially to meet the needs for higher 
jlj^eCIJ^W 8"*^ relevance; 

• c^lrr^rcommunication; ' 

• cost recovjsry procedures; 

^ : • utilization and exchar>ge of data; and 
^e interface between commercial anfi public sectors using the same 
network. > ' 
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Certainly it is time that the disparate groups-universities, colleges, 
public libraries, schools, government agencies, and so forth examined: 

• the need$ qf their patrons; 

prescribed . * 

• the information requirements4o meet these needs; 
sip^cifled 

• the systems necessary to achieve these needs; and 
e'stablished _ " - ^ 

• ^reas for co-operative and individual endeavor; 
based ^ ^ 

• on the computer and a computer communication network. 

Failure to examine the 'problems at the igrass rdot level, and to 
appreciate the advice thaiucan be gleaned from those who have studied 
the change mechanism that innovation requires, leads to power politics, 
and to the exploitatiorT of the worst rather than the best in any profes- 
sion. Regionally, the formation of councils, that provide the 
opportunity for the disparate groups to examine these needs and to 
establish their communication mode with each other, would do much 
to facilitate effective planning. 

Perhaps, if this were done, one might discover that the constant 
search for cost economy in shared cataloguing is leading librarians into 
a blind alley. Perhaps innovators have left out importarit contributors 
to the" -network Irke authors, publishers and patrons. Perhaps search 
codes are inadequate to select relevant information from the store, and 
jspeedier^ transmission techniques require even greater skill and user 
(reliance on the purveyors and communicators. As libraries have growri 
Jt>igger, librarians may have lost sight of their major cole as purveyors 
and communicators of information tQ the society they serve. 

5.0 LOOKING TO THE FUTURE 

The future is indeed grimmer in 1976 than 1876 because the tools* 
now in our hands are more powerful than ever before. We should be 
concerned to see that they ^ are applied to the common good of 
humanity rather than manipulated for the few. Above all we shall have 
to consider carefully whether to agree that, in the future, the weight of 
gold held by an individual in society should be the basis upon which to 
establish access to knowled^ge. , 
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Chapter 15 

by J. C. R. LIckllder 



, Library Networks: Should They 
Deal With Containers 
or Contents of Knowledge? 



l.Q INTRODUCTION 

' It is gratifying that libraries are eagerly adopting and exploiting 
computer and communication technology, but it is distressing to 
observe the heavy concentration on— indeed, the almost total preoccu- 
pation with-not knowledge itself but the apparatus of bibliographic 
control. ^ . 

Library people are often bored when intermediating between a 
library card and the shelves of numbered books. They are involved and^ 
eager— the more expressive way to put It is "turned on"— when interact- 
ing not only with a user but with the meaning and structure of his or 
her problem and when mediating between that problem and its solution 
through reference to the body of knowledge. It is therefore somewhat 
saddening to hear, in discussions of library networks, so much about • 
computerization 'of what is on the Rovers of books and so little 
about the use of computers and telecommunications to organize, store, 
^ retrieve, process, and deliver what Is on the injide. 

In .yiis brief paper, therefore, the author's* purpose Is to direct 
attention toward the greater and more profound opportunity for 
libf^rie^ that Is being made ripe by continuing advances in computers 
and communications: the opportunity of organizing, interrelating, and 
disseminating not just the containers of knowledge (books, reports, 
journal articles, and sq on) but the contents of knbwiedge. Even 
beyond the knowledge that is strings of alphanumeVic characters, 
librarians can work with the ideas that are at least a little closer to the 

^•'deep structure" of the meaning of publications. This opportunity is 
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nm quite Imminent as the one that is now so vigorously being pursued, 
but it is not so vilry far away, either. Two randomly selected items 
illustrate^ the imminence of full text manipulation by computer: 
1) Digital storage technology makes it possible tg record the alpha- 
numeric contents of one thousand books on a sheet of plastic the 
diameter of a phonograph record; 2) the idea a neyvork of aero- 
stationary regional microwave* platforms at 70/000 feet is being 
explored by a group of advisors to NASA^ These regioiiial stations may^ 
outdo communications satellites by opening up plentiful transmission 
bandwidth to .inexpensive gVoUhd stations with 2-foot-dish antennas. 
Library people must move rather soon into the research and 
development required to exploit such technologies in order to deal with 
contents as well as containers of knowledge* If librarians do not move 
quickly, in a few decades, the comQ^uter center and not the liblary will 
be the dwelling place of knowledge. 

2.0 FULL TEXT, DATA, AND MODELS ^ ^ 
the first steps in the direction of content-sensitive librarianship must 

necessarily beno get the full text of documents, the data of data bases, 
and the programs of cc^puter-program models into computers and to 
get the computers,^ fumrttonal I Y (via networks), or physically, into 
libraries. As word processing and office automation proceeds more and 
more documents will be created in digital form. Even though the digital 
records may for many years be printed for distribution, libraries should 
acquire or locate the digital records, and learn to use them (with the aid 
of computer processing) to organize the body of knowledge. 
Computerized data bases and computer-program models already exist in 
computers, of course, but computer people have not bee.n much 
interested in organizing data bases and models for widespread use. That 
is an essential library function whiSfTis both complex and very difficult 
to master. It is high time that librarians reach out intq computer 
networks to create order and functionality out of what is now ohaos. 
(The author would estimate that 90 per cent of the computerized 
information in EDUCOM universities "trickles down" to back-up or 
dead storage tapes within two years and that less than one per cent ever 
''perks up" again.) 

2.1 Computer Understanding of Natural Language ' 
Natural language vie>^ed as alphanumeric strings is^ very complex 

and not fully understood encoding of deep-structure uneaning. 
Nevertheless, the work of Terry Winograd at M.l.T. and Stanford, 
Roger Schank at Stanford and Yale, Bill Martin at M.I.T., ^pr others at 
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Other EDUCOM^unlverstties suggests tK^t .computers can' decode and 
'uncTernand full text well enough to penetrate jnto the meaning, inter- 
relate the parts of documents, and relate the contents of one document 
to the contents of another. The implications of that idea' for the future 

^ of Jibraries are revolutionary. Inevitably, if there are librvies in the 
distant future, they will be transforming meaning from natural language 
form to other forms, more amenable to efficient computer processing 
and'back again. Jh^ nearer^term question is, can somewhat shallower, 
compu^r processing of the text of documents be helpful in orgarvizing 
and retrieving knowledge in tht meantime? Advances in artificial intelli- 
gence and computational linguistics indicate that computer processing ' 

%^text will be highly exploitable b/ libraries long before they are 
pi%^red to exploit it. 

2:2 Knowledge Nses 

A knowledge base\$ a data base or information base in which the 
contents are structured^ioji organized to support intelligent processing 
efficiently. The semantically interrelated parts of a knowledge^baseare 
. structurally and functionally interrelated. A storb of meaningful text, 
. whether in a computer or in a book', is not a knowledge base because 
Vthe linear chaining of the characters does not do justice to the rich 
interrelation of. the ideas represented . by the text In the field of 
artificial intelligence, complex storage structured have been'developed 
that do more justice to'the'complexity of the intellectual content of a 
data base. -Various forms Have be^n called "pointer structures", "rela- 
tional nets*', "seniantic nets", "procedural nets", and so on. Such 
structures, and knowledge bases built on's^ich structures, will be 
indispensable to librarians who want' to build the library networks of 
the future. In short, it is an essential responsibility of librarians to learn 
how to exploit computer and communication technology to remove the 
fundamental constraint imposed upon knowledge by the technology of 
print on paper: the constraint tR^Hfnowledge cannot be -processed in 
the forrp in which it is stored. 

f 

3.0 LIBRARIES AND PUBLISHING 

There is, as many h^ve no doubt noticed but perhaps have been too 
polite to mention, a fundamental structural defect in the relationship 
between libraries and publishing. The defect has always been there, but 
it did npt seem irrational until the . arrival, of networking /made it 
• obviopsly so. Briefly, an. author creates a document, and tl}e document 
is then processed for some mopths or years. Then it is published 
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coric.t.n'fcttd With other documents; replicated many times 
1«dZffibuted to way stations such as libraries and bookstoresV The 
^y wpies occupy shelf space for varying lengths of time. Some o^ 
SSJ STcourse. borrows! or bought, and fmally some part. 

SUJ^rarely .11. except in the case of fiction-are read. The ear y 
monS*^ yean of a document, when it would be most usefu to 
2. thus spent in a state thet is inaccessible e)<cept to ed tors 
re^reesi V/hen the document is replicated, it is put into ..state in 
which it is intrinsically expensive to store and distribute.,The cost of 
rtoring and .distributing the document is far greater than its actual use 

"^'when documents are created in a computer network. they_.re in 
principle, as available as their authors want th«m to be even while they - 
a« S created. For example. Marvin Minsky recently spent one year 
mitS, an epochal and influential paper on "frames" which ar^ 
sophirticated abstract information structures related to semantic nets 
Tnd knowledge bases. Word SpreW that the paper was .n process. avaU- 
S. a^TSgnTf icant. Through the ARPA Network, dozens of inte^rted 
Saoues iad and commented on one or more versions of the paper. 
SnS inSn^ subsequent versions, while the paper was in preparation^ 
Smments were made while.the paper was a dynamic, living, ti^mg 
Srit was most important for critics to read -^^ JJi;^^^^^^^^ 
. referenced many times ih the past year in papers that are not vet^ouj 
j^rnal form "Frames" will appear as a journal article any month 



now. 



A contribution to . knowledge should be created '"J* 
-ne^iork and. as it is'created. should come under the J^rary b^b ic, 
graphic conttol. The library sKoqld manage access j^"^ 
Siinning. in agreement with the author(s). The '*;an( shou d rnonuo 
pattern of use and. at an appropriate time and if ^'^^'^• ^'1^ 
- the author with respect to publication-in-print. Meanwhile, the library 
lufd have^he contribution to analyze with the aid of a cornputer and 
Tput n^ relation with other Parts of the body of knowledge^ Dur^ 
preparation, the library could also disseminate the «|ontr.but.on subject 
to agreed access restrictions via an electronic network. 

4 0 SEUF-SUPPORT VERSUS SUBSIDY ' 

One principle seemJ to have been adopted widely by libraries and 
even msSe a point of pride; that advances by libraries into the realm of 
computers aJd networking should be supported by'.ncome from 
Sarges to users on a payas-you^o basis. If acceptance of that principle 
we" a last resort, a way of telling the foundations, the government, and 
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society that libraries are determined to advance into the future even if 
the rest of the world wears blinders, the acceptance should be 
applauded^ However, the rest ti the world is not totally and perma- 
nently blinded to the prospects offered by the new technology, and 
acceptance of the principle is not truly a last resort. The basic problem 
is to raise capital to develop a far superior way of fulfilling the most 
essential one of the functions underlying ctvilization: upgradingi and 
making effective the world's corpus of knowledge. Most business people 
would ieek government aid in, undertaking such a project It may be 
harmful for libraries to shift, at this crucial time, from government 
funding for research and development to a policy of evolutionary 
change financed out of current income from the systems that are being 
developed. ' • 



124 



Chapter 16 





by Lawrence G. Livingsti 



The Near Future of Library 
Networks in the United States 



1.0 INTRODUCTION ^ ' 

The yeer 1980 is useful as a starting point for a description of the 
library network that is emerging in this country, because by that time 
the Library of Congress will be putting essentially all of its current 
cataloguing into machine-readable form, (n addition to making almost 
everything catalogued at the Library of Congress available in the 
MARC systfsm, the Library of Congress will provjde access on-line to its 
in-process file and its authority files, both name and subject, together 
with the necessary cross-references. The availability of this vast amount 
of useful material will have significant ir^pact on the way libraries, 
especially network libraries, operate in the future. This paper will 
define the relationships between the nation's networks and systems and 
with the Librairy of Congress. 

Before describing the network that will develop over the next ^ 
V decade, it is probably useful to state^ the assumptions oh which the 
)conclusions reached in this paper'are based. 

1. The principal objectives of the network will be: 

a. To make the bibliographic resources of the United States 
widely known and accessible to all who require thehn. 

b. To reduce the rate of increase in the per-unit costs pf library 
operations. 

^ 2. For the period addressed in this paper, books and other materials, 
printed on paper will constitute the overwhelming majority of the 
storage medium used by libraries. Microforms will play an increasing 
role» but, in the time frame under discussion,, the computer storage of 

. tomplete texts of monographs will not 
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3/ Netwprk development in the next five to ten ^ears will mostly be 
based on technology now' available. 

4. The TMational Library of Medicine and the National Agricultural 
Library will both be important on-line components of the natipnal 
library network. The^ational Library of Canada can be expected to 
participate as an equal partrwr. ^ 

5. The national library network will require interface with mter- 
^national library networks and other U.S. national information networks 

as these develop, but primary emphasis will be on developing the 
national librai^ network.'* 

6. The library component of the national information network will 
be 3 very significant part but only a part, of the^pverall network 
envisaged by the planning document of th^ational Commission for 
Libraries and Information Science (1). 

• 7 The library component of this emerging national information 
network may be treated separately from the rest of that development . 
because, among other reasons, the library component is a finite piece 
and IS developing much more rapidly than the other paKs of the 

network. , x rs 

8 The bibliographic files and apparatus of the Library of Congress 
are absolutely esseptial to the bibliographic segment of the national 
network. These files and that expertise will not be duplicated anywhere 
else 

9. The national library network will be built, upon the network 
systems components and libraries already in existence. 

10 What will evolve is a confederation of the library networks and 
systems a confederation of essentially equal Components, each 

.detaining a high degree of internal autonomy, and dll looking toward 
the Library of Congress for a significant part of the total bibliographic 
information needed by the libraries affiliated with each component. 

11 It is not yet possible to describe where and how or even by which 

organization the national library network will bemanaged. The roles of 
" the Library of Congress and the other major components in the 
network do not change with the eventual locus of that management 
organization. Therefore, much can be done in the definition of the 
network before it is known which organization will manage it. 

12 Since it is not possible in this confederation of more or less equal 
coniponents to standardize internal formats, processing, query 
languages etc, it will be necessary to standardize on the queries and 
responses which flow along the communications lines which connect 
these diverse components. j 

13 Network componente will use and adhere to bibliographic 
standards wherever these exist. Network components will cooperate 
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WMi eath other^ with Standards Committee Z-39 of the American 
NatiorMi Standards Institute, the National Bureau of Standards, andi 
others in tfie definition of requirements for and the promulgation of 
hiiw standards. 



Based on these assumptions, the definition of the networic an'd a 
description of its development may begin. It will be seen at opce that 
this network will develop from very diverse organizations. Among those 
prominently to be considered in this development are: OCLC with 
more than 800 affiliate libraries and 2.5 million records onrline; th9 
Washington Library Networic with the libraries of a single state cooper- 
ating; the BALLOTS system of Stanford just beginning a network; the 
University of Chicago system, at this writing essentially designed for a 
single, large research library but examining the possibilities of 
networking; the Research Libraries Group ijust stagjng a network inter* 
» action with the Library of Congress);' other kinds of state and regional 
consortia/ such as SOLINET, NELINEt, AMIGOS, and others; the 
Federal Library Committee through the Federal Library Network 
(FEDLINK); and, finally, systems and networks v^ich are as yet 
undeveloped. 

It is manifestly impossible to do all that needs to be done in network 
development between now and 1980 at the same time. This fact 
requires that some very difficult choices must be^made, by funding 
agencies, for example, as to the priorities for action. As painful as this 
decision may be^ it must be made. Having selected certain of the major 
network components for pi'iority action, developers will proceed like 
this: the dverallv development of the national library network will be 
guided by a national netwdrk planning document now in prepai-ation 
by a group of representatives of the major 9ctive network components 
in the United States. This group is sponsored J)y the Library of 
Congress with funding assistance from the Council on Library 
Resources. It has had two meetings, and its network design paper is 
fairly well along on its.way to becoming a draft which can be circulated 
generally among libraries and librarians for comment. Under the design 
umbrella in this document, each-of the major network components will 
proceed as follows: eacK^^will look at the products and services which 
will be available frorou.tHe Library of Congress in the 1980-81 time 
frame. Each component will come to its own conclusions as to what 
this means for that component; vyhat impact this widespread 
availability of machine-readable bibliographic information will have on 
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the component; what chapses in organization and operations the 
SnSSmwill needle effect, and so 6n. Having decided in this 
fMhibn how «ach>d^Jpo^^nt should look in the 1980-85 time frame, 
sponsible p^le in component managenient will enumerate the 
(tewloptMntal ^P« necessary to get that component from ite present 
ftatB-to the »*rture desirable in the fulfillment of its ro|e in the 
national network beginnirig in 1980. 

2.1/' Financing Development of the Network , 

The funding for the accomplishment of these developmental steps 
will at it has been in the past, be based on a combination of efforts. As • 
it become* availabfe, money will be used from federal and state 
programs, ilrvice charges to users of the components, and from funding 
made available by private foundations. As<. was mentioned earlier 
. funding agencies will have to select among the elements of the national 
network those which are to receive priority consideration for funding. 
It is emphasized however, that any network component, any library 
any system" may, with its own resources, accomplish the developmental 
steps whicf» will be further described below; for itself and on its owm 
tchedute. Ideally, the development to be undertaken, by any network 
component will be decided upon after due stu?ly of the national 
network plan and-consultation with personnel of the Network Planning 
Office of the Library of Corigress. ■ P " 

2.2 Library of Congress 

The Library of Congress has made a major stateinent of policy with 
direct pertinence to national library development (2). LC, in that state- 
ment has described the products and services to be avaUable, on^ me 
and otherwise by 1980. LC has also said that, as a general rule, on-line 
Products and services will be furnished to libraries via regional and 
other networks. The Libralv of Congress has also said very clearly, 
however that everyone realizes that some libraries will not have on-line < 
access to a network for a long time, perhaps never. Tberefore, the 
products and services of thtf Library of Congress {*hich satisfy require- 
ments in these libraries) must continue. These products must be 
available in several former printed on paper, catalogue cards, 
microforms, and perhaps in other ways. \. „ u r«io 

When each network component has defined its 1980 network role 
and enumerated the steps in development necessary to achieve that 
role, each will, to the extent resources are available, develop its ovvn 
capability to contribute to the network and take fiill advantage of the 
coritributions of others. As these developmental steps are taken, a 
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. system comprised of a confederation of autoriomous and targety egual 
systems will take shape. This statement of the confederated nature of 
the library network is repeated because of its signal importance to the 

. Understanding of what will happen. 

Each major rietwork compon€fnt wlirhave on-line access ta the 
bibliographic files of the Library of Congress. This wilt include the 
. MARC file, the In^process file, and the authority files; perhaps others. 
Each major network system will have its affiliate libraries on-line to the 
regional and possibly other network data bases. In addition to being 

^^^.^.^connected on-line to the Library of Congress, each' major network 
component will be connected tb other network components. It's easHy 
seen how OCLC, BALLOfs,,^ Washington Library Network, the 
Uniyersify of Chicago, the Research Library Group, and so on, need to 
be connected on-line to the Library of Congress. One 'must not 
overlook, however, the fact that other types of, network, components 
will be involved; for example, the bibliographic centers such as the 
Bibliographic Center for Research and the Pacific Northwest 
Bibliographic Center. As a general rule, individuaUibraries will not be 
connected on-line to the Library of Congress. This is not, however, an 
absolute; there may be exceptions for cases of special expertise, unique 
collection capabilities, etc' . 

Required Institutional Self-Stu4y 
Let us turn now to the kind of study each network component will 
have to undergo in determining its 1980 role. It will begin, of course, 
by assessing the impact on the regional or other network of the avail* 
ability of the products and services from the Library of Congress out- 
lined above. For example, component manaigement will need to 
compare its requirement for current cataloguing with the current cata- 
loguing available from the Library of Congress to jjetermine the effect 
that the availability of this material will have on tKe staff, resources 
and procedures of the library members of the component. This signifi- 
cant change in the way cataloguing is done and the places where it is 
done as the burden of placing new cataloguing into machine-readable 
form shifts to the Library of Congress, will obviously have a serious 
impact on the cataloguing staff in the network library. The n^twoiik 
^ librarian will have to plan to provide for the absorptiorl of that impact. 
The librarian will do this by allowing some positions to be vacated by 
attrition as people retire and leave and he or she will reallocate saved 
salaries to pay for network services. The responsible librarian will also 
need to cpnsider the requirement to reassign staff: some to'reference 
service, for example; some to helping the users to understand and use 
the system; and in other ways. The personnel tjjrbulence which will 
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a2d inX all network components will each needAo > 
CoftflTBSS . ^ records to control the collections in trielry 

data base, it is useiui . , LoqicaUv. the national data 
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^^^im^^Wim important qimtions each nejw^rk componam managi* 

data basa Includa tha folloWing: what 
machina-raadabia ragional, stated or local 
pllpilll^ of tHasa H9hts>xclusiva7 May a dau basa ba 

piMp^l^^ it avidant that/ to ba truly affaqtiva, tha nfationaj 
l^itfiiAf^^ will raquira tha cooparativa^craatlon and axchai^ 

I^^J^blhiip^ This mutual axchanga of racords raqulras in 

I ttti^ to standard! of national aocaptabllity if axpan$iva 

TaMo^ to t)a pracludad. Is natwork componant managa^mant 
praparad to maka tha compromfsas nacassary to bring its racords up to 
(avals x>f accaptabiti^ for exchanga? Tha manajgars of tha 
r^yarioitt componahts of the national bibliographic data basa will also be 
faced with the questions pf duplicate records/ It is not yet easily seen 
how, unnecessary duplication iK this national bibliographic data base 
,i(tftll ^ eliminated^ Tha question requires study, The final solution 
of this problem, will probably not occur until there is a unique identifier 
for eadi bibliographic record. Neither the Library of Congress card 
number nor the International Stanidard Book NumkMr, in its' present 
form, is sufficient as this unique identifier. A rww identifier, perhaps 
based on one of these two numberir>g schemes, will have to be devised. 

The other major problem that data -base managers will have to 
.confropt has to do with the bibliographic quality and consistency of 
records in their part of the data base. It is short-sightM to say that 
records in a shared data basat^on't need to t)e consistent and of good 
quality; or that the speed and flexibility of the computer obviate the 
' requirement for consistent bibliographk: quality in records and permit 
Individual users to upgrade them if they find them deficient It is short- 
sighted because unnecessary and added cost accruesevery'tinna the staff 
. of tha second to the nth libriBry work on a record tn^shoul^jjlfave been 
brought up to nationally acceptabio' standards at the time of entry mto 
the data basa or imniediately thereafter. A firm requirement for biblio- 
graphic consistency and quality will obtain in the data base under 
description. Since this is to be a scared effort with ^any people 
inputting records to the;data base, it is beyond doubt that Soml» sort of 
centralized bibliographic authority and control must be agreed upon 
and established. 

,The Library of Congress, in the bibliographic network development 
^ under discussion, wiH be principally responsible for bibliographic 
consistency and quality in the data base records. However, not all 
records in that data base will originata at the Library of Congress, so 
the responsibility for, and the work to be done in the preparation of, 
nationally acceptable bibliographic records will nave to be shared. 
Certainly the input will be shared, and the earner of responsibility 
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doiktpt, dtyeloped in the Conversion of Serials project, points the 'way. 
li^ the CONSER proiect/a down or so excellent libraries input serial 
lacords ainJ have varyinp degrees of assigned authority to upgrade the 
fveonfo as they findtheftKleficient, with thd ultimate responsibility for 
the bibltdgiraphic quality of thk data base residing in the national 
librarias, vMhich have been designated as centers of responsibility |in this 
contact. Something analogous xo this will undoubtedly n^j to be 
developed for the larger network. | 

2.4 ComponcritTcihrifcalCorislderatloris 

Hayia8*«^fiS»^^ in the national library network; having 

-efitSSSiri^^ developmental steps^neoessary to achieving a capability 
to fMlfill that role; and having confronjedjind solyM the very difficult 
problems with the bibliographic quality of t>)e records in Its data base 
and ^ size and distribution of that data base, network "management 
' will then be able to proceed to look at the systems, hardware and ^ 
software, required for each component of the natipnal network. 
Component management will quickly come to the conclusion that not 
every function requiring suppqrt in a^larjge number of networfc^^ffiliate 
libraries can be done on the central computer system. Circutojion 
control is perhaps the most obvious example of a requirement for^ 
decentralized computer support. Central circulation control is probably ^ 
out of the question in a large system with many affiliates because of the 
sheer volume of tran^tiofts*. , T x . 

If this doQcept is ^cepted, one may look for ways to ^ecenti^ize 
the circuidtion^ntrol function. One approach Jertainly would be to 
install minicompiiters In the network libraries for circulation control 
A very efficient prototype of this minicomputer In circulation control 
has been running at ffucknell University for several yeirs. In that 
system, major advantage of the capabiUtles of the central system for 
data base building and maintenance Is taken In a system that has the 
mini doing the day to^ay circulation transactions and per%>dically 
- updating the central files. This can. of course, have any number of 
permutations, and will undoubtedly be done In varloUs ways in 

• different places. • u u ' ♦ 

Some of the major questions to be asked are: what is the best 
relationship of the circulation minicomputer in the network library to 
the bibliographic data base held centrally In the system? Is the most 
efficient circulation control system one which keeps on-line only live 
circulation transactions; or Is It one that keeps a bibliographic record 
sufficient for item 'identification on line at al| times? A corollary 
question Is, how mOch bibliographic search capability must be 
supported by the circulation record la the network library? Does the 
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ctreulation librarian^pr the user depend on the central network systeip 
fbr all bibliographic search capability; or Is the circulation record 
sufficient to support bibliographic search for identification? The 
question of subject search In the networic generally y/ill be covered 
later. ...^ 

\f oAe can. agree that the rwtworlc library will probably require a 
minicomputer for the circulation function, one can then proceed to an 
examination of other functions that might be better handled in 
decenlrallzecl fashion lilce serials check^n, binding*and routing control. 
It is obvious that the level of detail required for an individual library to 
check In its serial issues will be overwhelming when considered from the 
point of view of the network system handling many, hundreds of 
libraries. Given the irregularity of serial issue arrivals and problems*of 
title identification and different catalomxiog procedures^ maintenance 
of tl^ serial check-in file would overwnelm\he central system's" capa- 
billtYfor file maintenance in short (order.) So, serial? check-in and 
ifiternal control may form the second riinctjon to be handled in decen- 
tralized fashion in the network library. Next, fund accounting logically 

-will remain in the networic library; not only for technical reasons but 
aUo for reasons of a different kind. It seems- evident that the individual 
librarian, responsible to his or her own bosses for the funds, will be 
entirely reluctant to release any ^dontrol of ,these funds, and the 

^accounting of them, to some distant network center. Tiiere are 
technical reasons for the decentralization of fund accounting as well. 
There are probably as many different fund accounting.system6 is there 
are different libraries. Some libraries maintain two sets of books, one 
internal to the library itself showing how the book funds are allotted 
and how they are spent, .and another, often the aggregate of the first, 
maintained for the institution' controller. To do fund accounting 
centrally would require one of tWo things, l)Oth qf which are probably 

*^ impossible. In.'the first i'nstailce^ the network ^center w6£i Id provide a 
drffei'ent fund accounting software module for every difference \n fund 
accounting in the network libraries. Convei^sel/, the network center 
would buiid a«$ingle accounting module and expect every institution^ 
and every librarian in }he network responsible for funds to change his 
own accounting procedures to fit^ the standard module. A little 
reflection will Indicate that neither these is likely to happen. Fund 
accounting wi)l be run in decentralize^d fashion, probably on minicom- 
puters acquired for the circulation fiMction. . ' . " 

Minicomputers in the network library may be justified on the basis 
of the 'Cir.cu.lation function, and theH may,, using time otherwise avail* 
able on 'die mini, support su<^ diihgs as fund accounting. Are there 
other functions thdt logicaMy iPk the availability of the mini in the 
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iilMriify? Ym, th«rt are. diven the computing^ power" .available in the mini 
firid the fact that circulation systems as^«^le don't run at night, 
there will be excess capacity available on the^ circulation control 
minicomputer that can be very effectively used. For example, it will be . 
pofaiMt for the loCal librarian to tailor bibliographic products and 
lefvioes very closely to individual/ faculty, and departmental require* 
ments. Such things as lists of new accessions built against individual and 
departrnental profiles will be easy and comparatively inexpensive to 
produce. The local librarian wlU be able to tailor these services and 
product!, undoubtedly to include some not possible at ill in manual 
systems, be able to deliver them in very rapid order. The potential capa« 
abilities of the circulation mint to cooperate with the central system in 
the provision of managen>ent statistics to the local librarian must also 
be considered. 

2.5' Search Strategies and Techniques Required 

for the Network ^ 

Some new search strategies and techniques will be required and avail- 
able in the network under discussion. Bibliographic search keys derived 
> from the data in a very limited number of fields, a concept so brilliantly 
pioneered in the OCLC system. Will become progressively less efficient 
as file size and user library population grow along with the voj^p|rof 
transactions. Yl/hert serial records are added and must be searched on 
corporate author with the search keys initially designed for searching in 
monograph files on personal author, the use of derived search keys is 
complicated further. The solution, of course, Is to develop search keys 
which ^discriminate enough^ to produce a manageable number of 
responses in a reasonable time for viewing and selection by the user. 

Further network development and systems growth will probably 
prove that a continuation of the concept of . providing subject search 
along traditional lines, for example by the use of subject terms tacked 
onto the bibliographic record at creation time, will not be possible in a 
very large network with many miilrons of records on-line and many 
libraries as customers. Because of the Immense size of the central, 
network files, 4he number of times the disc memory must be accessed 
In subject search and the short response time that must be maintained 
to satisfy the user, subject searching along traditional lines will 
probably not be feasible in a very large on-line netvyork. If this proves 
to be the case, what Is to be done? New approaches will have to be^ 
taken. A combination of search capabilities must be devised that will 
permit searching on many more data fielos than just title and combina- 
tions of author-title. In this way, using Boolean operators, it may be 
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possible with very largis files and large user populations to provide the 
discrimination that will be required. The problem of providing a' subject 
search capability in a very large network furnishing comprehensive 
functional support to many libraries anc^ updating files ^nd indexes will 
not be solved simply by ia^lding subject terms to the bibliographic 
records to be searched, expecting to produce subject specificity 
sufficient to loe manageable in the system while maintaining acceptable 
response time and still satisfying the user. The probable solution to this 
dilemma is to prbvjde a combination of^search capabilities; for example, 
the capability of using Boolean operators to 'and'logether key words 
from several places in the record. Some useful help may be found in 
language of publication, date of publication, perhaps place of publica- 
tion, *and the traditional authori anduitle fields, In order to avoid 
spetling errors and get at key vvords wherever found in the record in a 
most efficient iTianner a word truncation capability will be required. It 
would also be highly desirable to have .a capability to specify the spatial 
relationship in the record and indeed within the individual data field 
between iwo or more search terms. It should be possible to say whether 
these word stems or word fragments should be found contiguous to 
each other, separated ^y so many words, etc. 

A national librarynetwork inore distant than 11980 will turn for its 
content search capability to the unabridged dictionary approach. Just 
as one goes, with a subject discipline in mind, to Webster's unabridged 
dictionary, and comes out- with the definition of a term in the context 
of that subject discipline, ^ will the user many years from now have 
what amounts to an unabridged dictionary'of all the significant terms. 
Such a dictionary, edited by stop lists, ^in all the languages represented 
in the user's bibliographic file, will permit finding the subject term in 
the proper context, given the discipline in which the user is interested. 

2.6 Library Network Technology 1980-1985 

Turning now to the technology likely to be used in this network 
development from 1980-1985, one can expect that the network wilt be 
based oo technology largely available today. Books and other materials 
printed on paper will be the principal medium used by libraries. Tf^ 
library without paper will not occur by 1985 or 1995. 

Library network components will be dependent upon the kinds of 
main-frames (including minicomputers), line printers, discs, tape drives 
and so forth that are now available. Machine-sensible equipment, bqth 
optical scanners and magnetic stripe, will find increasing use, in circula- 
tion and interlibrary loan systems. In the time frame under discussion, 
advancement in size and speed, and a relative reduction of costs of mass 
memory devices can be expected. Librarians will see expierimentation 

135 ^ 



130 THS NEAR FUTURE OF LIBRARY NETWOI^KS 



at least, in t^me-division multiplexing systems using video transmission 
of- the kind very recently announced in England (3), There may be 
Mrf}9 message traffic over Satellite links, but these, of course, will be 
transparent to the librarian and the user. For all practical purposes; 
communications technology will be that already available. 

2 J Required Standards 

Much standards work by^St;&ndards Committee Z-39 of the Ameri- 
can National Standards Institute and its peer agencies'will be; required 
in this developmental period. Several kinds of identification numbers 
will be required, for example. The requirement fgr a unique piece I.D, 
has already been mentioned. This will probably develop by. building 
upon the International Standard Book Number and the International 
Standard Serial Number and perhaps international standard identifiers 
for other recording rpedia, as these develop. An individual l>D. for 
library patrons will be' required; as will an individual I.D. for every^ 
library cornponent active in these networks. - \ 

Since the standiardization in the network generally will focus on the 
message traffic between the cbmponenis of the network as qpposed to 
the internal functions of these components, seems evident that the 
messages and their protocols will need to be standardized. This will 
result in an artay pf standard messages and queries of various kinds, 
. responses containing bibliographic records or other information, switch- 
ing instructions, 'mail to*^ types of instruction, etc. 

It is evident that in^a network* of autonomous equals, it is not going 
to be possible to standardize internal procedures or query languages. 
Therefore, the only solution to meaningful communication among 
these diverse systems is to standardize all the messages that floAA/ 
betvveen them. Having cjone so, each network component will require 
only the capability to take such a message in; act upon it with an 
internal program and output a response in the standard form that vyill 
be equally acceptable to the software in any system which has agreed to 
provide the capability to handle the various Standard messages. 

A standard numerical code for name authorities will probably be 
required because national 9nd international acceptance of a single form 
'of each name to be used by all cataloguing agencies is nowhere insight. 
The international code could be stored and transmitted as the single 
form of the name which could be recognized and accepted by all 
systems. The code for each name would have a one for one .relationship 
with a single name entity, np matter in how many forms ihatfiame 
appeared in the various catatbgues.and authority lists. National biblio^ 
graphic agencies would designate the nationally acceptable form of the 
name and all variant ^orms would .be related to it and to the appropriate 
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^/;>i0f^ aooepted content designation scheme. If users of the systeni 
t^:miilid find reference to the numerical code ofMine, ftay rn^orinted listt[ 
^>^:<yvline teanqhins with the number would be nriore efficient than an/ 
:! fciy derived from one or another form of the name could piossibly be. 

; 5.0 SUMMARY ' 

By reiterating the salient features of the network described in this 
fiaper/ 'one ,can whether it presents 9 picture of a network 
lufficiently clear so that individual componenu may begin forthwith to 
prepare for the definition of their own roles. 

Based on the assumptions listed at the outset, the evolving national 
library network M\ be, in effect, a confederation of equal and 
autonomous components of many diverse kinds. Each component will 
retain • high degree of internal autonomy. AII components will look to 
the Library of Congress for a siqiyfijunt amount of the bibliographic 
Information they require. The natibnat data base will be distributed In 
nature. There will be decentralized cataloguing to a degree, decentral- 
ized Input, but centralized responsibility and authority for . 
bibliooraphic consistency and integrity in the national data base. Some 
major network components will be selected for priority treatment by 
funding agencies -and others in this network development; but any 
network component is free, as soon as the planing document is 
available, tor assess Its own relationship to thi$ i^twork, and, in 
coordination with the Network^ Planning Office oAhe Library of 
Congres^, to plan the development necessary to permii^it to fulfill that 

The major ' library functions in thc| national network will be 
-iinhanced and jmpported by a series of diverse network component 
centers, includin|| bibliographic service centers such as OCLC, brokering 
centers such as the bibliographic center at Denver, regional consortia of 
various kinds, perhaps interstate compacts, certainly state systems, and 
so on. there will be no single blueprint for network components. 
Funding will be a combination of federal, state, local, and private 
funds. The possibilities for network managenfftnt at the regional level 
and at the national level include governmental agency, quasi-govern* 
mental corporation, for-profit corporation, and not-for-profit 
corporation. At the national level, an attractive alternative is quasi- 
governmental corporation analogous fto the Tennesiee Valley 
Authority. Participation by components in the national network will be 
'voluntary. The trend in bibliographic practice over the long term will be 
toward closer adherence to Library of Congress practice and sttandard- 
'lUtion. 
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by Eugene Young 



Overview: Networking in the 
Health Sciences 



The papers that follow focus on the development of coHaborative 

. efforts between the computer sciences and the medical and life sciences 
for the improvement of medical education, research, and trealvient 
Currently, several national networks are users In these areas for ooltab- 
oratlve ^fforti between computer science and clinical research groups. 

, Authors discuss the ways irt which the successful use of computer 
networks can be evaloated^and Improved in the future to Increase the* 
degree to which computing can be applied to research and clinical 

^consultation and to the education of medlcai^ personnel. 

The Health Education Network, Inc. has evolved from a federally- 
supported experiment to establish a user-supported, and user-directed 
operating network. In 1972, the Lister Hill Center of the National 
Library of Medicine established the Experimental CAI network to: 
1) assess, the technical feasibility of inter-institutional sharing through a 
telecommunications network; and 2) determine whether materials 
developcfd at one institution woj^ld be accepted and used at others. In 
1975, when federal support terminated, users of the Network and its 

. hosts took actions to ensure continuation of nationwide access to the 
largest single da^ base of computer-based educational materials in 
health sciences. During thft. 4 years of its operation, the Netwdrk has 
been used by^more tlyrfiTlBO different Institutions in over 40 states. 
Materials are available for allied health sciences, nursing, basic medical 
sciences, clinical medical sciences, and continuing^medical education. 

:Several projects that use artificial intelligence methods for consulta- v 
lion, and are accessed or developed via computer network are described 
ftext. 
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An evoking computer firogram is be.ng developed at Stanford 
Of>iversitv to assist non-specialist physicians in the selection of therapy 
•for patientt v^ith bacterial infections. MYCIN attempts to model the 
dwision processes of medical experts and provides input, 'nterrogation 
modeling and suggestive output.. Computer networking allows wide 
^« f'or expelirntation with, and use of. this developmg sy«em^ 
Diagnosis in internal medicine is frequently complicated by the need 
to di^ern multiple diseases in a single patient. In order to enable 
computer-based diagnostic systems to deal with these co^^P'f^^ 
problems, it is necessary tb devise problem-format.on heuristics that 
can effectively partition the,set of disease hypotheses evoked by a given 
set of clinical manifestations into, coherent subsete, within which 
diagnostic problem solving methods may be 'PP''^^; JJj-'jf 'JJ^ 
formation heuristics underpinning performance of the INTERNIST 
lystem are presented here along with examples of the system s perform- 



ance. 



A computer model of expert reasoning in digitalis administration has 
been developed at Tufts New England Medical Center. It assesses the 
S ient's Seal response to the drug and uses the« responses as 
Cbik to guide subsequent therapy. A djnical trial ha?yemon,t«ted 
"he feasibility of using this program in a wider range o clmical senmgs 
than has been possible with earlier programs. Later trials and ^ 
preiSram will utilize networking facilities to provide access from across 

*^Vhe"'cASNET computer consultation system, incorporating an 
explicit- mod^el of disease processes and expert reasoning^ the 
dCis and treatment of glaucoma, has been developer,o^n^t^rat 
rXTs university and the Mt. Sinai School of <:ine CompV 
neTorking has played an important part '".developing the pr<j,ram 
beyond the prototype stage into a proficient clinical tool The Ophthal- 
Sical Network lONET) consists of J";«.»'fl"°"V„l'! 
Jaucoma research centers (Mt. Sinai School of Medicine. Washmgton 
Unh/ersitv Johns Hopkins University. UnKTersity of Illinois at Chicago 
inTth. University of Miami) who collaborate in the testing and further 
'deJefoJment of Vhe consultation programs. A data base of Qlaucom 
cases, together with computer programs for retrieval and ana^ysU. has 
alio beeTestablished to facilitate joint clinical studies among the ONET 

""ThToNBT comp£g is carried out on large PDP-10 timj shared 
complrr« Rutfl,rruniversity and Stanford University. Both MPi^er- 
Si aVe centers for research in Artificial Intelligence in Medcne 
A M) ?he Rutir, Research Resource for Computers in B omedic ne 
wal established ?S 1971 as a fbcus for modeling and problem solving 



^rSimiiBh^ in biomgdicme, while SUMEX (Stanford 

UliiWariHy Medical Experimental Computer) was established in 1974 as 
a first national shared computing resource for medical research. The 
MYCIN/ INTERNIST, and CASNET programs ar^ all accessible at 
SUMEX-AIM over computer networks. The ONET is the first example 
of ^ geographically dispersed group of collaborating clinical researchers 
that make use of thesis shared resources. ^ . 
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> by Ruann E. Pengov 

/ / Barbara B. Farquhar 

and Robert G. Votaw* 



the Health Education 
Network, Inc. 



1 4 -INTRODUCTION 

,. The Health Education Network, Inc. has evolved from a federally- 
VsuRported end federally-directed experimental networl^ to a user- 
supported end user-directed operational network. In ^1972, the Ustet 
Hill Center for Biomedical Cprinmunicetions of the National LibraiV of 
Medicine established an experimental network to 1) assess the technicat 
feasibility of inter*inftitutional sharing of computer-based educetionel 
(CBE) materials** through a telecommunications network and 2) to 
determine whether CBE materials developed et one institution would 
bev ecceptad end used et others. Both th^ technlcel feesibility of 
netwoHcing and use> ecceptance were establishM in 1974, after 18 
months of network operation. Federel support continued for an 
additional 17 months, until May of 1976, during which time the Users 
end hosts took ettion to ensure continuation of nationvfvlde eccess to 
^ the lergest single deta bese of computer-besed education materials in 
thr heeith sciences in the world. ^ . ''2 

Currently, the Health Ediicai^bn Network makes it possible for 
Instltutibns to share corriputer-based ^ducetioh materiels at a fraction 

.of the cost of developing end meintaining them. Thei.Network elso ^ .^^^ 

• - - ^ • . . ■ . ' ' ' ' ' ''''■■■'^ ' '■-■■■.•^ 

. . • ■ , _ • ■ , - ■ ' • • - - ■.''•■.-\;>'i 

-f Ruann Ptngov Is affiliated with tha Ohio Sta^ Univmlty Conego of 
; MadicJne. Berbers B. Farquhar is affiiitti^ with Mamchmattt Geniral Hospital. 
.'■[ '■ ■^iobm Q. Vqteyv is et tha University of ConneiBtlcut Health Sciences Center. : . f^i 
0tBB (or oonilptjter eisilted Instruction [CAI]) refers to iUtuetioni where stu- 
^: dents ere engaged in interactive learning dlatbgues eta computer tarmlnal. In 
these situations, rather than being the subject of instruction, the computer . 
iasststs In providing instruction* > / ■■■y'i^ 
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provWhM opportonKies for medical educators and compater scientlsU to 
explore innovations In education. In these ways, the Health Education 
Network has achieved success; its potential use and future directions are 
limited only by the imaflinations of those Involved with it.' 

^Thls paper is a case history of^ the development of the^ Wealth 
iEducatlon Netwprk, lha which discusses the need for sharing, ptannlng 
for h^two^kinft the experimental network, the user community, the 
Network hosts, the 4mppct of the Network, utilization of the Network, 
the costs and benefits of networking and the kay ejemenU iii network 
planning and operation. It is our hope that the Information offered In 
tfie following pages will offer insighu for the development of networks 
In other disciplines. 

2.0 NlEEDS FOR SHARING 

The impetus for resource sharing arises from several points: 
1. Sharing \% a commonly accepted academic responsibility ih the 
health sciences. 

2i Sharing is implicit in the federal fghding which supported many / 
of the developmental efforu in computerbased education. 

3. The front-end capital investment in the development of these 
computer-based education materials is high. E^lmates of develop- 
mental time range from twenty to several hundred hours of Wort 
on the part of faculty authors to produce one hour of interactlvif ' 
computer-based education. This depends on several variables 
including author experience and the complexity of the program 
being created. High development costs make sharing a necessity; 
no one institution can develop courseware to meet all its needs. 

4. Courseware maintenance costs 'are high; these materials do not 
"live and breathe" on their own once developed-they require 
continuing "tender loving care". Faculty authors must Insure the 
ongoing relevance and accuracy of lessons. Technical and 
educational strategy members of the course development tiam 
want materials to continue to be responsive to, and reflective of, 
the moi^ dynamic educational strategies currently available. It is 
not CM effective or even pbssible to perform such maintenance 
functlmis for all lessons In each institution which uses them. Via 
networking, the most scarce resource, thyuthor, is effectively 
shared. 

These factors make resource sharing necessary if computer-based 
education is to be utilized In thehealth sciences. The Health Educatiorr* 
Network was conceived, has evolved, and currently operates to help 
; meet these needs. ^ j j 
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Th« paragraphs which follow describe the key elemems whicbjwre 
critical for the conception, survival, growth and development of the 
Nbahh Education Network; many of tHiase elements are still critical 
in current Network 4)p^ration. 



3,0 PLANNING FOR NETWORKING 

There were several key elements ip the early development of the 
Netvyork. It was recognized generally ,within the health sciences that 
there was a need for sharing expensive^ and scarce resources. A national 
professional medical organization adyocated support of networking. 
/Th^re was a federal sponsoring ageilicy with a mandate to support 
shariiig through networking aqd tljley had funds to implement a 
program. There was a fortuitous overlap of goals within the sponsoring 
agency because they were already ri^tworking in the'area of medical 
libraries. There were- some willing ukers of networks and some willing 
providers (contractors or hosts). The hosts had, ^ll-doveioped and 
recognized data bases. Further, they/ understood the importance of user 
services to successful network operfiion. Each element appears to have 
' bctan essential to the birth of the Nei^ork. 
; In August of 1068, the sponsoring agency for the Initial Network, 
the U^r Hitr National Center for Biomedical CommunicatlQns 
(LHNCBC), was established by C(bngress as the. research and develop* 
jnint arm of the National Library of Medicine. Their charge was to 
desi(pi^ develop. Implement and manage a biomedical communications 
network^ ' 

The Association of American Medical Colleges (AAMC), a national 
professional medical organrzation, worked with jhe Lister Hilf Center to 
explore pottlbilLties for /networking (17). The Council of Academic 
Societies of the AAMC and the Lister Kill Center sponsored a confer- 
' erice entitled "Potential Education Services From a National 
Biomedical Communications Network." Conclusions reached at that 
conference were 1) that there was a need for a national network and 
2) that there were many services that might be provided. Tiiis ted to a 
contract with the' AAMC to ^provide more specific recommendations for 
vHiat might be shared In a network. Or, Eugenia A. Slead, Jr. chaired a 
task force for the Association of American Medical Colleges, wlilch 
visited 10 medical schools and talked w\tp over 100 individuals. In July 
of 1971, they published their report "Educational Technology for 
Medicine-Roles for the Lister Hill Canter''' in the ^ot/fy?a/o/Af^/ai/ 
Educatlpa (16). There were fifty-three recomrnendations In that report; 
It was clear that ;there was some need to establish priorities. 
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* The NaUonal Librdry of Medicine already had a natjonal network for \ 
medical' nMary seardhing-MEDLARS. LHNCBC staff recommended 
that th^Jybrarv tin^ther data bases that might share that network. 
They noted that there were several institutions that had data bases for 
undergraduate and continuing medical education. No attempt had been 
made to offer these jointly as a service to potential users. LHNCBC 
staff recommended that a small number of medical education programs 
be made available through the planned biomedical communications 
network. 

In September of 1971, LHNCBC convened a meeting of -potential 
hosts to discuss making programs available for networking. The 
LHNCBC thought it could obtain programs from the hosts, put them 
on a central computer, and distribute them to users. However, the 
programs are dynamic, "living" and do need regular maintenance by the 
authpr team. Hosts were willing to share the programs, btit they insisted 
that the programs reside on their own computers. Another difference in 
perspective was that LHNCBC wanted to demonstrate^rograms to a 
wide group ol users and use onlyva small number of programs, while the 
hosts, on thebther hand, wanted to work in depth with a small number 
of users. Both'' perspectives were embraced by having two classifications 
of users trial and operational. Hosts agreed to provi'de access to their 
programs through TYMSHARE, a commercial time-sharing and tele- , 
communications company which 'was to support the medical library 
searches through its national -network, TYMNET (1). The decision to 
share through distributed hosts postponed issues of standardization and 

transportability. . ^ u 

' In March of 1973, LHNCBC sent put Requests for Proposal and held 
discussions with liosts regarding costs of services, the extent of sen/ices 
to be provided, and the basis on which costs would be determined. It is 
important to note at this time that LHNCBC estimated that a fourth of 
the cost would be for personnel; >e hosts, on the other hand, 

^ estimated that two-thirds of the cost would be for personnel. In June of 
1972, the National Library of Medicine allocated $145,000 for a ten- 
month period for distribution of materials from Massachusetts General 
Hospital The Ohio State University College of Medicine .and the 
University of Illinois Medical School. LHNCBC staff were told to 
make it. explicit to both users and contractors that this was to be an 
experiment of limited (jjuration. 

In May of 1972, LHNCBC sent out 26 letters to potential Network 
users who had. been selected from the membership of the Association 

* for the Development of Computer-based Instructional Systems 
(ADCIS) It is not clear why LHNCBC did non return to the- Assoclation 
of American Medical Colleges (AAMC) or to the Council of Teaching 



146 



THE HEALTH EDUCATION NETWORK, INC, 141 



Hospitals to solicit users. This initiai mailing was the only publicity sent 
to the imedical colnmunity^ at large noting the availability of free 
(U^rnputer-based education prol^rams.^ 

4wO * THE EXPERIMENTAL NETWORK 

^ . ^n?d^uly of 1972, Massachusetts General Hospital became the first 
hospital to ioffer materiiils on the Network. Two months later, The 
Qhib State University College of Medicine was officially connected to 
the Network, and iii January of 1973, thd University of Illinois Medical 
Center was joined to the Network. Connection involved installation of a 
TYMNET mini-computer ahd development of software to interface 
with the host computers. Massachusetts General was an original test site 
for TYMNET npde connection to Digital Equipment Corporation hard- 
ware, and Ohio State University was an original test site for TYMNEJ 
node connection to 'IBM 360/370 series equipment. Given the "state-of- 
the-art'/, a period of some months was required to achieve smooth 

^transmission of technical niessages and to establish a stable and reliable 
network^connection for users^ * > ^' - 

Aftar almost a yeah pf operation of, the .Network, the LHNC6C 
Center called a meeting for its o^ierational gsei^. The user ffieeting^as 
simply a means for the LHNCBC network staff to receive feedback 
from^the user?. Until this tMhe, LHNCBC's prinriary mterfaca had been 
with the hostsHn technipal matters involving Network start-4ip. The May 
1973 meeting was thtf fifst effort aim6d at .sIsriQus user involvement. 

Initially the LHNCBC experimental netvyork provided free service tb . 
institutions willing to support their yDwh conputer terjnir)al(s) and- 
connection to the nearest TYMNET network node. LHNCElC did not 
aoticipate the high user ^cceptartce which'*Was,« in fact, so great that 
.LHNCBC was^forced to ca)l*ubbh participrating institutions for partial 
cost recovery. In February of 1974, user charges of $2.50*per connect 
hour *were^ institutbd; Still, user interest and Netv^ork success , 
outreached budget allocatidns. in order to continue the Network, a 
plaD evolved for gradual ihcreasa'in user charges and for beginning the 
transition from a fed^allyriuppbrted network experiment to a user> 
supported network. 

> Due to^ local conditions, the Universjty of Illinois Medical Center^ 
ceased^ to be a host on the Network in^ay of 1974, The Li^er Hill. 
Center made a major decisiph to tranVer a pdrtioa of -that data base, 
specifipall'^r the ^ASE simulation materials (6, 7) to The Ohio State 

" University College of Medicine. 

In July of 1974, less than a year ^fter the first user fee announce- 
ment, the Lister HIM Center increased the usage fee to' $6.00 per 
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ooniMCt hour. Still, the fee cotered less than one-third of the total cost 
for Network operation. The economic pressure brought to bear on the 
LHNCBC by the success of iu experimental network was very real. At 
one pWnt, StHNCBC estimated that, almost one-half of their total 
«}ipendltures In research weri allocated for this Network. This clrcum- 
itahoe is perceived as a major reason for the decUion and subsequent 
tfinouncement by the Lister Hill Center in January, 1975, that it wouW 
withdraw support from the Network in May, 1975. Another reason for 
tarmtnation of LHNCBC support was th^t the Network was no longer 
an experiment-it was a success. 

In May of 1975, the National Library of Medicine officially 
terminated Its support of the Network; this ended the experimental 
network. It is significant to note that the very next day the operetional 
iMer-supported network began. The many events leading up to this 
vsmoodt transition are discussed below; ^ . 

5 0 THE USER COMMUNITY , 

Most Network users and their institutions were new to the concept 
of computeKbased education. User institution administrative contacts, 
faculty and students/all were inexperienced. And so, each, according to 
his own time sequence, recapitulated a developmental process of initial 
awareness of, exposure to, experimentaffon with, and increasing lns]((ht 
into the potential of computer-based education. Each user had a I 
different approach, but many were able to effect change and make 
significant instructional impact in their curriculums through the use of 
Cee The time frame for this process was and is variable, and the rate is 
dependent upon many factors. The subject and process are In much 
need of further research. * ^ , 

At the August, 1973 meeting* of the Association for the Develop- 
ment of Computer-based Instructional Materials (ADCIS), a few 
Network users sought to begin planning for an orderly transition 
because it seemed improbable that Lister Hill participation wouW 1^ 
indefinitely. These Network users, who were members of ADCIS, asked 
ADCIS to petition the Lister Hill Center for continuing support of the 
Network; ADCIS felt it was not able to do so because only a small part 
of its constituency was involved. 

Six months later, at^ the January, 1974 ADCIS meeting in 
Washington, D.C. Dr. Harold Schoolman, Assistant Deputy Director of 
the National Library of Medicine, mlkde the announcement that the 

} ' • 

•Prior to LHNCBC •nnounc«ment of the pending termination of Itt finenclel 

support for the Network. 

148 , 
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Us[t»r Hill Center had no plan to support the 'Network in its (then) 
currant oonflguration beyond May of 1975. 

Now, in reaction to this clear signal, a loose amalgam of Network 
users sought assistance from one of the interest^groups in ADCI$, and a 
tentative plan was agreed upon for exploring continuation of the 
Network. Over the next four months, however, no viable plan' was 
forthcoming from ADCIS. An eastern o regional pneeting of Network 
users was held at the University of Connecticut in May of 1974^ 
consider courses of action. The 14 Institutions represented, voted to 
seek means to continue the Network and to form a National Users' 
Group. Three task forces were eetablished in the areas of networking, 
evaluation and faculty development ^It is noteworthy that this user's 
group started its existence expressing concern about development of 
faculty literacy in the use of computer-based education strategies and 
concern about the evaluation of CBE programs through peerreview^nd 
through research on educational effectiveness. / 



To meet the mandate set by the regional group in May, a national 
organizational meeting wes held in August of 197^ in conjunction with 
the ADCIS meeting in Bellingham, Washington. The National Users' 
Qroup voted to reaffirm the conclusions of the eastern regional 
meeting. They also voted to organize as the Health Education Network 
Users' Group of ADCIS. This proved to" be r crucial decision. It 
afforded an instantaneous frame of reference for governance and 
communication. Much time was saved. It also afforded a legitimate 
recurring focus for developmental activities and vvorking sessions which 
.were so necessary during the early phases of the Users' Group existence. 
The Users' GVoup^ elected off icers and a Steering Committee* and 
modest funds were provided from ADCIS for the Steering Committee, 
which was ipread across the United States, to meet for planning 
sessions. This action proved critical to the ultimate survlvpl of the 
Network. 

Many factors undoubtedly contributed to the apparent success of 
the Users' Group. Above all, the impending loss of LHNCBC support 
for the Network in May, 1975, only nine months hence, provided a 
problem orientation in which lesser differencei were ignored. The full 
attention of the Users' Group was focused on finding means to 
continue the Network. Concern with evaluation and faculty develop- 
ment was forced into abeyance. ^ . 

Throughout the next months, the Steering Committee attempted to 
devetop, in close cooperation with the Lister Hill Center and the hosts, 
a plan whereby the Users' Group would assume direction and support 
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of the Network <over e two to three year transitipn period. Quite apart 
from money matters, the Users' Group, as an interest group of a 
professional organization, was not capable of carrying out the manage-- 
ment end contrectuai (I.e. billing) aspects previously borne by the 
Uster Hill Center. This plan proved unacceptable to LHNCBC, largely^ 
due. to the User Group's lack of legaUstatus es an organization. Planning 
then focused on en Interim approach In which the hosts, Massachusetts 
General Hospital and The Ohio State University College bf Medicine, 
would perform much of the management and contractual work. 

In the sprigg of 1975, the hosts executed contracts with the 



users directly, the hosts, in negotiating contracts directly with 
TVMSHARE, assumed the responsibility for any losses which might 
be incurred as a result of the contract. At OSU, this had perhaps less 
impact than it did at Massachusetts General Hospital smce Massachu- 
setts General Hospital was much more susceptible to fluctuations ir\ the 
market than was OSU. Both institutions, however, assumed much finan- 
cial risk du4 to lack of the capital which had previously been borne'Sy 
^e federal allocation to the experimental netvyork. 

The Steering Committee communicated with the Lister Hill Center 
concerning a naed^to continue to provide a central Network coordina- 
tor. A half-time coordinator was funded for ten months and was 
located at the UnjversitV of Connecticut- Health Sciences Center. 

During this same burst of activity in the spring, the Steering 
Committee investigated affiliation and alfiances with EDUCOM (Inter- 
university Communications Council, Inc.), NEf^COMP (New^ngland 
Regional Confuting Program) and SECOS (Shared Educational 
Computer Systems). NERCOMP and SECOS* vs^ere aware of the 
Network cphcerns and approached the Steering Commihee with 
proposals.' Considerable counsel and assistance was received fj;om the 
AAMC (Association of American Medical Colleges) and, later in^the 
spring, jfiisifiement was initiated with the American Association of 
Dental Sthools (AADS). - ' ' . 

The Steering Committee recognized that it would probably be 
unable to solvcT Network business and management problems by affili' 
atton at that point in time. The rates of development In the other 
Organizations were simply on a different time scale, and the Network 
had an urgent problem which could^not wait On this basis, ih 
/February, 1075, a task force was appointed to explore incorporation. 
A second task force was appointed to explore enlargement of tKie 
Network data base, with particular reference to materials specifically 
relevant to dental education. For both educational economy of scale 
reesons, there was interest |n enlarging the user base and, hence, a task 
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foro8 on marketing was appointed. To .simp^*^ th* day-to-day running 
t^tha Network, an Operations proup wasforn^giiy brought into being. 
'tfiCQCinlzing. in part, what already ev^lved^Prioiary suPPort of 
Network operations was being rendered bv" User services coordinators 
atvihe hosts who exerted TROJAN effprts in jrnProving communica- 
tkitt, administrative procedures and user services. 
• The LHNCBC experimental network termination May 31, 1975. 
Due to the efforts of the Steering Committed* of th^ Operations Qr0up, 
and of many dedicated users, the Health Education NetWork began on 
June 1i 1975— the very next day. There wa5 ri6 aPPareOt difference to 
the user; the technical configuration remained x\^e %an\e- A remarkable 



.federally-supported and federally-directed exparimentai netv^ork to a 
user-supported and user-directed operational network. 

The incorporation Task Force was quit^ active, also. Proposals foi; 
by-laws and for articles of incorporation were developed arid were 
reviewed by the Steering Committee. Incorporation Papers for the 
Health Education Network, Inc. were filed i*^ the District of Columbia 
in October. 1975. The Health Education N^tvvorK. Inc. formally came 
into being at its organizational meeting in January. 1976. The Board of 
Directors and officers were elected/ and shortly thereafter, the Board 
of Directors established ra subcommittee on financial plannin9- Certifi- 
cation as a tax-ex.§mpt, not-for-profit coV'Poration vvas sought and 
granted by IRS in June, 1976. 

The immediate problem facing the new Network was still develop- 
ment of a sound economic s^proach to n^^orK Which would insure 
long-term Network survival and growth. Th^ subconrinnittee on financial 
planning is at work. The Board is alsO actively exploring new 
approaches*to enlarging its user base through innovative combination of 
certain marketing and faculty development ide^s* When its business 
concerns have been addressed, it is tikely th^t the users of the Network 
will turn their attention to the other two areas identified initially at the 
Eastern regional users meeting— faculty dev^lopm^'^t and evaluation of 
CBE materials. 

6.0 NETWORK HOSTS 

6A Massachusetts General Hospital 

The data base at Massachusetts General H^^PJtal (MGH) consists of a 
library of about 30 simulatioQS (3). Appendix 5 offers an overview of 



* Appendix C offers a list of the names and inst'^^tion^' affiliation of the first 
Board of Directors of the Health Education Netyvor^^ ^fjc. 
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'th« MGH simulatlont. There are multiple cases within each of these 
limulationi, and the programs themselves are designed to teach and test 
the process of clinical problem-solving. Programs do teach facts, but the 
emphasis is on the process of cKnical problem^solving. Programs are 
used by medical studentv to practice decisiorvrnftking and by practicing 
physicians for self-assessment, for continuing education and for certifi- 
cation of clinical competence. The Harvard Deportment of Continuing 
Education has approved many programs for Category I Continuing 
Education Credits toward the Physician's Recognition Award of the 
American Medical Association 4AMA). It is most likely that the pro- 
grams, will be used in the future for the' assessment of clinical 
competence, licensure, certification and recertificati^i^. 

^During the past 4% years, MGH>iai served over 150 different institu- 
tions in more than 40 states with approximately 50,000 hours of 
cornputer time for medical education. Usage has varied. It was as low as 
, 20ll)purs per month, in the very beginning, and has reached a high of 
175d'hours per month. An average of approxirhately 50 institutions use 
Massachusetts General Hospi\al~CBE materials via the Network at any 
one trme, with an average of 700-800 usage hours per month. About 
68% of the uWrs are medical Students in their clinical years. Another 
18% of the users are practicing physicians, and this percentage is 
growing. Only 14% are nurses and allied health personnel. The institu- 
tions MGH''sen/es are medical schools or university medical centers 
(68%), hospitals (16%), national medical organizations (11%), and 
physician groups (5%). Usage by physician groups will probably grow in 
the future. 

6.2 The Ohio State University College of Medicine 

The Ohio State University College of Medicine (OSU) data base is, 
in part, complementary to that at Massachusetts General Hospital. Over 
350 hours of interactive CBE programs are available to a variety of 
audiences. Table 1 indexes the programs by audience and Appendix D 
provides a subject index of thematerials. Fuller description of thet)SU 
system . and data base is »<ailable in other publications (2, 13, 14). 

The primary emphasis in CBE usage at OSU is integration of the 
materials into on*going curricula in medicine, in nursing and in allied 
health. As shown in Figure 1, however, cUrricular usage within the 
College of Medicine constitutes only' 50 to 60% of the total usage of 
OSU's program library. The statewide Computer Assisted Instruction 
Regional Education Network (CAIREN) (5) and the Health Education 
NiBtwork each account for significant percentages of total CBE usage at 
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TABLE 1 
OSU Data Bm Indm^i By AudimM 



Audianot 


Number of Prograrm 


J Cttnicil Uboratory 


27 


bt«ttry 


26 


Dmtal 


6 


EfiMmtncy Medical 


14 


Environmental Senrices 


8 


Managemant ' « 


6 


Madical Records 


8 


Medical (Physicians, Residents, 




interns and StudenU) 


113 ^ 


Nursing 


51 


Occupational Therapy y \ 


18 


Optometry \ / 


• 5- 


Patieots and Families 


10 


Pharmacy 


6 


'Physical Therapy 


20 


- Respiratory 


15 


Radiology 


17 


Secretarial 


• ■ ^ 11 , 



Over 150 institutions in more than 40 states have logged approxi- 
mately 36,000 hours of Network usage of the OSU GBE materials. On 
the average, 50 institutions access OSU via the Network at any one 
time. They log 500 to 600 usage hours pter month, Users on the 
national network vary from small hospitals to nriajor medical centers; 
the type and extent of usage varies as much as does the type and size of 
institution (15). By far, the largest number of users are presently 
reviewing available materials for potential cUr;riculum incorporation. 
But several institutions have made significant commitments for utiliza* 
tion. The University of Washington in Seattle has accessed The Ohio 
State University Independent Study Program (ISP) materials (4, 12) 
and has altered them to mmt local objectives and needs. As a result of 
initial access to CAI facilities at The Ohio State University, Washington 
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COMPUTER ASSISTED 
INSTRUCTION 
REGIONAL EDUCATION 
NETWORK (CAIREN) 



COLLEGE OF 
MEDICINE 



^HEALTH EDUCATION 
NETWORK 
(FORMERLY LISTER HILL) 



Figure 1. The Ohio State University College of Medicine CAI System 
- ^ ■ Deta Base 8c User Group Overview 

Ol975 

The Ohio State Univerjitv 

College of Medicine \ . 

Division of Computing Ser vices for Medical education & Hefearch | , 

is currently operating its own altered version of OSU's ISP. George 
Washington University was the next institution to author CAI materials 
remotely; its materials \were the first user-developed materials to be 
released ov6r the Network for general usage by other user institutions. 
The Universrty of Pittsburgh, in association with'Pittsburgh Eye and 
Ear Hospital, is using ophthalmology materials and has developed its 
own CAI materials with the assistance of CAI suppor| staff atOSU. The 
University of Oregon logged significant usage Irvthe nursing area and Ft 
Worth Osteopathic Hospital was an early continuing education user. In 
a joint effort with the University of the Pacific and The Ohio State 
University College of Medicine, the American Board of Internal 
Medicine is refining' revising and generating new CASES, and-exploring 
their use in the recertification process for inter rtists. The prpject, which 
has assumed the acronym MERIT (A Afodef for Evaluation and /?ecert- 
ification Through /ndividualized Testing), ha$ sucqessfully completed 
two regional field tests and is currently Manning a national field test 
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^ Natwrk (7, 8. OK Jn general, OSU,see$ a bright future for the 
^flpf^iof its^C^ rnatarUlls in assessment of cUnlcal competence, licensure, 

IMPACT OF THE HEALTH EDUCATION NETWORK: 

; - 'Combining the.OSU and MGH data bases, the Health Education 

. provides access to the largest library of health related 

. computer- assisted instruction in the world. According to two recent 

, studies (It), 11) over one-third of existing health sciences computer- 
based education materials are accessible via this Network. To date, over 
150 institutions have accessed either or both hostS; The largest group 
has been medical schools an(| teaching hospitals. The most common 
physical location for terminals (1/4 of the total) has been the 
biomedical library. Some 60 institutions are novy members of ^he 

. NetwoMic. Currently, 33^ of the 54 United Stat^ Medical Schools using 
networking are i;pembers of the Health Education Network. Cumula- 
"tively, the Network has provide^ over '200,000 Interactive user sessions. 

^ ' ■• ' ^: ■ 

8.0 THE UTItlZATIOiJ OF THE NETWORK ' 

It Is difficult to say with certainty, at any point in time, vyhere 
Network utilization is on a hypothetical growth curve. If one knew, 
then other decisions would be easier. Figures 2 and 3 are graphs of 
Netwprk usage of OSU and MGH materials. Viewing utilization, one 
^can see four periods in the natural history of the Network when fluctu- 
ations in usage were apparently related to specific situations other than 
the cyclic, variable pattern of the academic year. / 

Theiirst two periods relate .to the inception of, or Increase in, user 
fees, that occurred in February and July, respectively, of 1974, In each 
Instance, usage fluctuated somewhat following the rate change, and 
several institutions left "the Network. The majority of institutions who 
left the Network when charges changed, were academic institutions. The 
third period" of fluctuation was wh^n the CASE materials were trans- 
ferred from OSU to MGH. The fourth period, involving a decliri'e in 
usage, occurred immediately subsequent to the change Qver from Lister 
HilL to Health Education Network operation. Superimposed on the 
typical lower usage pattern of summer<^was the major problem of delay 
involved in executibn of new bilateral contracts between user institu- 
tions and hosts. Reestablishment of all new user codes was a lesser 
problem. Except for academic year fluctuations, usage growth seems to 
"■^ i be upward or at least at a stable curve. ^ 
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.Perhaps the major point in this discussion is that the Network has 
continued to grow in the face of major obstacles: imposed rate charges 
OMt of sync with budget cycles and major reorganization, in which both 
users and hbsts had insufficient lead time for transition to a user- 
supported and user-directed network according to a carefully^phased 
aruf adequately-supported plan. One still 6annot say with certainty 
where the Network is on the growth curve, but the authors feel that 
large untapi^d markets exist fof health related computer-based 
education materials, which will continue to direct the growth curve 
upward. 

9.0 COSTS OF NETWORKING 

The current cost to the user of the Health Education Network ranges 
frpm $10 per connect hour td^$4 per connect hour and dependj upon 
the time of day during which usag^ Is desired (prime time vs. non-prime 
tirne) and the level of commitment which the user is wiJIing to make. 
The higher the commitment In usage hours the lower the unit cosf to 
the user. The Network supports- ASCII compatible terminals which/can 
be bought for less than $2>000 and rent for as little as $50/month. The 
user provides his own computer termlnal(s) and phone connections to 
the nearest TYMNET, node. TYMNET, the communications^network, 
has Wr 86 „ nodes throughout the Uriited States In major ernes. 
Locations with direct dial, foreign exchange or WATS line connec^oTT' 
to node cities bear no Incremental communications costs fcrfl^etwbFk^ 
access." 

Hosts provide one set of documentation free with 'additional sets 
available at a nominal charge. Supplemental materials s\j^ch as slides and 
tapes, used in conjunction with some of the OSU computer-based 
educational materials, are avall^le at a nominal charge. Both hosts 
provide on-call assistance, (technical and educational) as part of the 
hourly charge. If an Institution requires special reports or extraordinary 
time from the hosts, there Is a nominal charge. 

Costs to the hosts include local computer costs, costs for personnel 
to support'and maintain the hardware and software systems, and costs 
for personnel to provide support to users (i.e. troubleshooting, man- 
uals). Costs are relatively low to simply maintain Network access. Costs 
for development and evaluation of CBE materials and for assisting users 
In curricular Incorporation of the QBE materials are large. If hosts 
provided all services from which users could ^benefit, the user costs 
would have to be :very high Indeed. In the Ideal, hosts would like to be 
able to provide more Individual consultation on how program's could be 
used, at each institution. Hosts would like to provide additional 
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liliistariot in innovative uses of existing programs in development of 
naw materials/ in peer review a^d evaluation of CBE materials. In 
collaborating Wiitf) specialty groups to devise teaching and testing 
materials, and in remote authoring. These activities require resources 
above and beyond those currently supported by'^Network income. Due 
to' their congruence with the overall goals of the Network, however, 
they will receive continuing emphasis in Network' pfanning and develop- 
-ment ^ 



Dollar costs of networking have been delineated/ Benefits are less 
easily discussed in dollars. The most important impacts of the Network 
have been those things which can never be quantified. In addition to 
providing educational benefit directly to the student, tfie Network has 
stimulated instructional computing development in the health profes- 
sions and increased awareness of the potential of CBE.. Faculty, 
4tudents and staff users have had an opportunity to try out a new learn- 
ing resource without a targe front-end investment in hardware, software 
or personnel. They have had access to recognized materials and to the 
works of accomplished CBE authors. Jhey have had opportunity to 
develop new lessons or alter lessons via remote authoring. And they 
have had access to expert technical, user services and education consult- 
ants at the host sites.' 

Authors have benefited via national exposure of their CBE materials 
which has resulted in accelerated refinement of programs. Additionally, 
peer awareness and approval are significant incentives to authors. Wide- 
spread peer review, although currently still an emergent phenomenon, 
has accelerated review and refinement of programs. Reliable, multi- 
institutional access to, and use of, lessons has fostered embryonic 
developments analogous to publication in the print domain, 
' Via the Network, the hosts have a relatively trouble. free mechanism 
for sharing their CBE materials with others. This benefit of sharing 
forced other changes ''which are of long term benefit to hosts and to 
users. Uniform procedures for user access were Implemented to make 
/the Network as transparent as possible to the user.'^Standards for docu- 
mentation, ancillary materials, and user services were refined to cope 
with the problems of interacting at a distance. Reporting systems were 
generalized. Methods of billing a¥)d contracts management were imple- 
mented." Program development procedures wfre modified in the 
direction of increasing generality vis-a-vis the national character of the 
Network leadership. Remote authoring caused additional refinement of 
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tht courtt diwiopment process and added ne^ materials to the CBE 

'""rhh particular Network has opened the door io new outreaches and 
praie«ti which never before were even conceivable jp the 
S3S professional groups, sucH as the Connecticut and Ohio 
Aad^iM of .Family Physicians, the National Board of Medical 
E«mllners. the American Board of Internal Medicine and the American 
Academy of OrtKopedic Surgeons. These groups can now consider the 
\^ of computers in continuing education, in recertification and in 
tMtli>g programs because the Network is in existence and « available for 
their use. ' ' 

110 KEY ELEMEISITS TO THE PLANNING AND 
* OPERATION OF THE HEALTH 
EDUCATION NtTWORK 

Throughout this pa^r, an attempt has been, made to identify 
variables which were of special importance in the development of the 
Health Education Network. In this section, an attempt is made to 
isolatjt principles for Network planning and development which appear 
to be generalizable. • ' 

11.1 General Principles 

" The LHNCBC experimental network came into being fof tte reasons 
outlined in the first section of this paper: 

programs which they were willing to share, users w.*ling to try them, a 
S^ral agency charged with research and development in this area with 
^ dollar. tTsupport the initial experiment, and sanction by a national 
professional medical organization. It is safe to assume that the over aP 
in goals or these groups provided the environment necessary to start the 
Network at the time and placg of its beginning. 

Two other |6neral principles ^re" relevant. The *'«V°y^'"«/^/J" 
the importance of beginning Network experiments witY other, than 
■ user access to resources. People value what they pay for. free use, even 
oTan n ti "start-up period, followed by. a carefully Ph-d transition 
to user support, although of some value, ha^the basic deficiencies tha 
1 ) cost ineffective uses will be tried, and 2) the upheaval trough abou 
by cost recovery will outweigh the advantage of early free use. If cost 
reflect real cost! accurately, it is mofe likely that cost effective uses wMI 
be generated from the outset. Curricular integration will be encouraged 
and CBE will become a line item in the educational budget rather than 
a supplemental resource. j[ () Q 
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Th« second principle relates specifically 'to computer-twsed 
education. Early in the experiment, both hosts and LHNCBC 
man«gemeht recognized the need to work with the .decision-making 
sectors of Jhe academic community. At the national levej, this meant 
Involvement- 9f awclations such as the Association of American 
Medical Colleges and the^ American Association of Dental School?. At 
t^e Institutional level this meant involvement of the faculty^and admin- 
Istratlon who ultimately make decisions upon incorporation of this 
medmrn Into the curriculum. . 

11.2 Philosophy of Operation 

In providing a new medium of instruction, it is important to 
recognize the unique needs of each participating institution and tailor 
services to the needs of individual institutions. Institutions experiment- 
ing with CBE.4or the first time probably follow a common devefop- 
mental sequence, But they do it In their unique time frame. It is 
important that institutions have access to proven courseware for . 
demonstration purposes Mntil such time when their faculty are ready to 
incorporate programs into the curriculum and such time when budgets 
can be rearranged to support large-scale studept use. 

11.3 Interaction Phenomena 

In the establishment of a user-directed and user-supported Network, 
several important attitudes were created ^y people interacting over 
time. These incJuded establish^ment of host credibility in^'the minds of 
users, development of a "trust" bond between users, development of a 
user community and development of a system for rapid formal and 
informal communications. A certain amount of group process appears 
essential to these attitudinal modifications, and planners should be sure 
that sufficient opportunity for face-to-face interaction is created in 
order to facilitate solution of the problems of working at a, distance. 

11.4 Host Dependent Varia^es 

Critical to the continued viability" and development of this Network 
is the presence of hosts committed ideologically to sharing scarce 
pducafional resources." Host commitment made the difference when 
Lister Hill Center support was withdrawn before the user group could 
organize an. adequate independent business base to support continu- 
ation of the Network. In addition, an important element in permitting 
close cooperation of the hosts was the fact that the content of the data 
bases was essentially complementary. Hosts, therefore, did not compete 
for the same user resources.- The third important variable was the high 
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j-^v,^^!^^ both hb$t$ to the provision of user services. In the 

|^l^'^|riy> 1^ l^osts proposed b'udgeU and devoted the majorltv of 
miwwff services In contradistinction to the perception of 

: ' Lilttr Hill Center management whose budgeu allocated th^ major share 
> to^ The rMOundirig success 6f the Netv^fOrk In the facei of 

? ' -^ adversity Is in large»part a function of welhdeveloped and 

>^ delivered user services. 

J Tl;5 User Variables 

^ As an outgrowth of the interaction phenomenon, development of a 

. user community was aa, obvious, critical factor in developing an 
- ongoing operational network. Representatives of user institutions have 
been willing to participate and to serve on ta^k forces, on the Steering 
Committee and on the Network Board of Directors. The evolvement of 
an active and capable cadre of leaders from the user community has 
permitted in large measure the progress made to date. This user 

* community has the potential to help mfiet national needs for faculty 
development and program evaluation. 

Inquiry into the factors affecting successful introduction of this new 

mode of instruction in any given institution revealed a single common 
variable: identification and involvement of a change agent. Individuals 
who acted as change agents were found in every area of the health 
communtty: in the biomedical library, in the computer or data process- 
ing unit, in departments or divisions of research ]p health education, m 
academic departments and divisions, in the academic administration, in 
community hospitals, in pi^vate practice and in professional groups. 
The common element was th^t these individuals could see the potential 
of the medium, had the respect of their colleagues, and could act as 

• catalytic advocates for adopting a posture of active experimentation. 
Anybne seeking to innovate in the academic sector would do well to 
study closely the identification and nurturince of individuals. 
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Chapter 18 

by CaslmlrA. Kullkowski 
\, SholomWeiiss 

. and Aran Safir* 



Computer Networking in the 
Development of a Glaucoma 
Consultation System 



A' computer-based consultation system for the diagnosis and treat- 
ment ol glaucoma has been developed in collaborBiion with a network 
of investigators from five glaucoma resea^feh centers. Computer 
- networking enables ^embers of this Ophthalmblogical Network 
(ONET) to access the consultation prc^ram, which runs on two large 
time shared computers at Rutgers and Stanford Universities. 

The Ophthalmological Network was establjshed in 1974 to promote 
the development and testing of computer consultation anrf research 
support programs for clinical investigators in Ophthalmology, This 
organization evolved from a collaboration that began in 1971 between 
Dr. Casimir Kuliko^ki of Rutgers University anid pr. Aran Safir of the 
Mount Sinai School of Medicine within the framework of the Rutgers 
Research Resource on Computers in Biomedlcine. The goal of the 
Resource is to support , interdisciplinary research on computerbo^ed 
modeling in biohriedicine, particularly in the application of artificial 
intelligence techniques for problem solving. 

The glaucoma consultation program is the first prototype of a 
medical decision-mit;ing system that uses a novel method for describing 
diseases in the fcft-m of a causal associationaf network (CASNET). Many 
of the subtleties and corriplexities of ghysicians' reasoning can be incor- 
porated in a^ systematic yet flexible manner into such a descriptive 
structure, Jhe clinical caurse, pathophysiological mechanisms, classifi- 

-■ ' I 
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cations and treatments of disease are all contamed m ^^' 9^^^ J 
mUl. The findings of an individual patient be -^^f ^P^^^f^^"; ""f^ 
a CASNET computer model using various reasoning strateg'" that take 
■ nto ^Jcount the uncertainties of clinical inforrt^ation. By representmg 
' n thHomputer detailed patterns of disease eVOlvinQ vvith the passage 
of l^^Tse masoning strategies are ab-e to d-l vyi th the Problems o 
oatient management over multiple follov^,.uP visits. Sequences ot 
h ap es for Jhe various types and staO^' of progression o glaucoma 
have also been incorporated into the .nOdei. As a result, the pro ram 
. makes specific recommendations for further testing and for med.cal and 

'^rotheHn^ovative feature of CASNET, i« ability, foj a particular 
case to present alternative opinions and reasof^'ng derived from 
d f^^rent expert consultants. The ONET r^embers share ir. the develop^ 
mer^t of the program by suggesting hov. sueh kr^owledge ,s to be 
incorporated into the glaucorha model. . , ^-,CK,rr r„ hp! the 

After proving the feasibility of tH^ initial cASNeT model, the 
ONET was formed when Drs. Steven and Bernard Becker of 

SashlngTon University and Drs. Irvin po.lack and U^^-nce V.ernstein 
of Johns Hopkins University began collaborating With the flutgers 
Mount Sinai group to help develop the Qlaucoma consultation program 
into a proficient clinical tool. M^..nt 
In f974 an added impetus was giveh to this work when the Mount 
S-K«^flutgers Health Care Computer Laboratory vvas established by 
H^to promote the further development of corr^Puter consultation 
sysLs for health, care delivery. .Shortly afterwards. ONET wa 
expanded to include Dr. Jacob WilensKV of the Un-ersitV of , linois a^ 
Chicaao- and Dr. Michael Kass whO noV>', coordinates the ONfcT 
ac iv t'e; at Washington University. Most rece'ntly. the ONET has been 
en aCd to include Dr. Douglas Anderson of the University otMiam 
■ S nee March 1975 the ONET memhers have been test-ng the consul- 
tatL sysTfm and suggesting changes ahd ir.prover.ents i^the s ructure 
of its knowledge and its logic. Most^ecentlV. a .concerted effort nas 
^en made to incorporate the results of va^ous research studies and 
«ive opinions into the glaucorha r^od^^ '^^Z 
cases together with computer programs for retrieval and analysis has 
a?so been established with the goal of facilitating )oint clinical studies 
among the ONET members. 

165 



Chapter 19 



by Barbara B. Farquhar 



Sharing Computer-based 
Simulations for Clinical 
Problem-Solving: 
A Host's Perspective 



1,0 INTRODUCf^N 

Development and maintenance of computer-based educational 
materials are expensive, and few individuals or institutions have 
extensive experienceNJn production and distribution. When medical 
educators recognized jhe potential benefits, in sharing scarce and 
valuable resources in 1971 (9), they recommended that the Lister Hill 
Center of the National Library of Medicine establish a biomedical 
communications network. Lister Hill's Experimental Computer-Aided 
Instruction Network (12) was a success, and it served as the precursor 
for the Health Educatior> Network (10). - The computer-based 
^^educational materials available on the Health Education Network vary 
in the audiences they are intended to serve, the instructional strategies 
used, the hardware and software which support them, and the methods 
by which they were developed and are maintained. Currently, there are 
two hosts on the Network: the Ohio State University College of 
Medicine and the Massachusetts Geparal Hospital, A thorough 
description of Ohio State's philosophy and materials appeared in the 
proccedifigs of the 1974 EDUCOM Fall Conference (8), This paper is 
intended to complement that one and provide a view of networking 
from Massachusetts General Hospital's perspective. An expanded 
version of this paper wilt be available In 1977 in the book Information 
Jechno^logy in Health Sciences Education which is edited by Edward C. 
Deband and published -by Plenum Press, New York. * 
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2 0 CLINICAL MEDICAL EDUCATION 

The purpo« of' clinical medical educatiofi is to prepare students to 
oractice independently. Traditionally, clinical education has taken the . 
?o m S i clerkship in which.students are expected to learn to .m.tate 
rbehaviorof their preceptors. There are dangers and l^rtat.ons m 
teLh^ng swdents solutions to problems and expecting th^ todevme 
tSfp rocess by which solutions are reached. Usu^ally, the l^cus .s on the 
product ther than the Process. Some students, wbr^are able to. 
S scrSn critical elements of "clinical problem-s^lvmg. develop 
Seal competence (4) readily. Other students. 
knowledge and ability to recall .facts, may need exp ic t sVstemat c 
fnsructirn and supervised practice in problem-solvir.g^11) .n order to 
"pp y novvMge 'o solve patients' problems. Medical educators^ agree 
that supervised practice in clinical problem-solvmfl is the best way to 
develop drcaUudgment, but many factors work together to make 
ttematic! supe!vised practice costly and difficult .to ach.eve m a 
hospital setting (6). 

3 0 COMPUTER SIMULATIONS IN 
CLINICAL EDUCATION 

Computer-based simulations can supplement other formal inst^MC^i°" 
anS do'oSer a number of advantages for students. cl.nK:al prec^P o s 
and directors of clinical education. Simulations can be used at each 
tudentTpai and ^ since access to the simulations .s avail- 

able cpntinulsly and repeatedly. In a simulation, the compute can 
se ve sev ral functions: it provides information about ^^IZ 
pat entT t permits the student to interact with the Pa^ent, ° « 
pat eni. w ^^.^^^ responds; and it 

s^V: ro" ;f:h:" Pe^vlsing Physician by ^^^^l^^ ^^n^ 
ion and guidance, and by relating one c^se to another. co"iput^^^ 
can also provide recent, relevant references for a problem., The 
comouter can core the student's performance objectively and compare 
rSnt's performance to that of others, provide the student and 
h true o>':.th a critique of the student's performance, and sugges 
r^m d a work if that is indicated. The student has ^esponsib . y for 
owing the patient's problem, but the learning process is thout r sk to 
relr patients and is truly individualized. The student is supervised 
hrLugh the cor^puter by the teaching physicianUo wrote the medical 
content nd spTcified the instructional strateg/lhe teach ng physician 
ey el et a si'o^ulated patient with the clinical P-^'-'j ^"J;;;,^^ 
fation of signs anti symptoms that the physician wishes the student to 
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maiuigtt. The computer ato gives feedback to the physidan responsible 
for teaching the student. /\fter reviewing the performance of their 
sttidems, physicians may wish to alter either the conten.t of their 
courses or the instructional techniques they are using. 

In addition to providing individual records of performance, the 
computer can prepare a composite or can aggregate data for use by a 
curriculum committee or clinical education director. Objective recofds 
ot Student perf^ance at the clinical level and patterns of behavior 
common to a cIms are difficult to obtain with traditional educational 
methods, but records of many students' actions in identical^ clinical 
problems can provide ^ard data to help evaluate both the students and 
the clinical education program ip which they are participating. A 
thorough assessmenrcan pinpoint strengths and weaknesses in a clinical 
training program and permit its director to nnodify the program until it 
meets its objectives as measured by student performance (7). >^ 

Costs to develop computer-based patient simulations, are relatively 
higher Hhan those to prepare other selfinstructionar materials, but these 
costs must be related to potential benefits. Simulations give students 
supervised practice in decision-making, and this is difficult for other 
meclia to achieve. Simulations can save tirhe for practicing clinicians 
because simulations obviate the need for spme repetition. Simulations 
can overcome some of the limitations of teaching in a hospital setting 
and ensure that all students have encountered "patients"* with a 
sufficient variety of clinical problems. The computer's relatively high 
cost as an educational tool can probably best be Justified when: 1) its 
unique capabilities ilVe used as in the case of simulations; 2) it is used to 
support a kind of education that is expensive in in own right, such as 
clinical medical education (1); and 3) the programs are shared arrftng 
nriany institutions. 

3.1 Massachnsetts General Hospital 
Compiiteij^^ase(i Simulations 
Between 1866 and 1976, Massachusetts General Hospital has 
developed and tested a^library of over 30 computer-based simulations 
to teach and test '(3) clinical problem-solving. Each simulation of a 
clinical problem includes many cases, but all cases within 3 simulation 
share a common instructional strategy and focus on a general problem 
such as Jaundice, abdominal pain, or coma. The simulations were 
developed in the Laboratory of Computer Science, a unit of the Depart- 
ment of Medicine, where professionals in medic^ine, computer science, 
end education work together on problems related to patient care and 
medical education. The cost to develop the library of conpputar simula- 
tions is difficult to estimate precisely, but it is well over $300,000. 
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-Owelopment was possible because the simulations were created in a 
facility where there were other on-going projects. The development 
cmts cited are merely the incremental costs to support staff engaged in 
the production and developmental testing tf . the programs^ 

3.2- Development of a Simulation * 

Wore an author develops a patient simulation, the author considers 
many factors and makes a number of determinations. The author . 
defines the users, describes any prerequisites, describes terminal 
behavior, defines measures of performance, and establishes minimum 
levels of acceptable performance. Instructional objecVves guide the 
author in developing the program and serve as criteria for its evaluation. 
Authors developing programs to be shared by users at many institutions 
avoid $i)ecial procedure-oriented programs and controversial content^ 
because procedures and accepted practice vary from institution to insti- 
tution. . . u •u ♦u- 
After the authfcr has determined whom he is going to teach with the 
patient simulation, what students should be able to do after they have 
used the simulation, and what kinds of patient simulations will help the 

- users develop the desired competencies, the author must select an 
instructional stratdgy-or program format for the simulation. In selecting 
an instructional strategy, tl^e author considers the following: ^ 

• the p;jrpose of the program (assessment, problem-solving practice, 
continuing education); 

• the audience (medical students with limited vocabulary, advanced 
i - medical students or h^use officers with adequate vocabulary, or 

- / ^ specialists with extensive vocabulary in limited areas); 

• the^ user's task (diagnosis or management of a chronic or acute 
problem); 

• structure of the task (unstructured, as in the diagnosis of a 
complex probCem, or structured, 'as in the management of an 
acute, well-defined problem); 

• sequence of actions (critical of not important); 

• timeliness of actions (critical or not important); 

• reaction of the simulated patient to actions taken by the yser. 
(patient static or dynamic); 

• passage of time (one encounter or multiple encounters); and 

• method of interaction (multiple-choice, vocabulary list, or free 
text). ^ 
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If some cues are tolerable, the author may select a multiple-choice or 
prepared vocabulary list for the.user to emptoy during interaction with 
the program. If cueing will weaken the program, the author may select 
either an extensive index or free text for user interaction. 

The instructional strategy. selected will determine, to a great extent, 
the amount of time required of the author in developing the-patient 
simulation. A program^author must specify the content and logic of the 
program, which means that he must describe how the program and 
patient should respond to any action that may be taken by the user at 
any and every point in the simulation. If the author selects a structured, 
multiple-choice instructional strategy, the number of actions available 
to the user is limited, and the author's job is minimized. If the author 
chooses an unstructured format in which the user may use free text and 
type any response to the simulated case, the author must anticipate the 
response Hind describe the actions to be taken by the program and 
patient as a result of the user's responses. In the latter case, the author's 
job h complex ahd time-consuming. , 

Many physicians cfo not want to learn about computers or computer 
programming but do want to create patient simulations. MUMPS 
Massachusetts General Hospital l/tility /Vfulti-Z'rogramming System) 
"driver" programs permit authors to create and modify complex simu- 
lations without writing MUMPS prograrh code by using a program 
format or instructional stfategy that already exists in th^ fc^rm of a 
driver program. A driver is a set of special purpose utility programs 
designed^ to execute a repetitive task. Definition' of the task is 
independent of the data, but the data "drive" or control the execution 
of the program. Drivei-s red|jce the amount of program code that must 
be available on the system; one copy of a driver can be shared simul- 
taneously by many users. A driver is slovyer on execution than a 
specially coded program, but it is more economical than a custom-made 
program in terms of reduced storage and a shorter time to create a new 
simulation. The driver includes definhtion of options, format, 
branching, and file structure of the data on which it operates. An 
author who is not a prograrnmer can dev^op content and logic, specify 
branching, and tfnter his data base for a driver using an editor program. 
An editor is an on-line author aid that elicits the data* base and logic 
from the author, checks syntax, and verifies that new data or modifica- 
tions are consistent with the structure of the driver. The specifics of Jthe 
computer and the language it uses are transparent to the author. 

The author also prepares program documentation for the user's 
manual, describing the program' and including illustrations of 
interactions and any supplementary visual materials that are needed to 
operate the program. After the author has a rough draft of his 



170 



186' SHARING COMPUTER-BASED SIMULATIONS 



Simulation and associated materials, and the Program is technically 
correct and operates the way the author intended, developmental 

^"jhe'^cle of program testing and" revision is repeated until _the 
patient simulation consistently produces the instructional objectives^ 
established by the author. For the first review, the author mvites local 
experts and members of the target population to use the program indiv- 
idually. The author is present- when these users try the patient 
simulation to observe their interaction with the program and to collect 
commenU and suggestions. The author notes non-verbal responses and 
any apparent content or logic problems. For members of the target 
population, the author administers measures of performance to 
establish whether or not the target population meets prerequisites for 
program use" and whether or not the program achieves the instructional 
objectives set for it. After collecting data and evaluating performance 
measures, the author modifies the patient simulation accordingly. S/he 
may then invite the same or a different group of experts ^nd intended 
users to take the simulation, and s/he repeats the processes of data 
collection and revision. . i j 

When the author is satisfied that the program functions properly and 
meets the standards s/he has set for it, the program is released or made 
available within Massachusetts General Hospital for use by 'ts medical 
tudehts and staff. They comment freely.on the content and structure 
of the program, and their suggestions form the basis for further revision 
and refinement. Next, the program is released to Gountway Medici 
aibrary at . Harvard Medical School, and additional suggestions are 
collected. The program is revised frequently at each step. Next, the 
author may arrange for field test by. inviting target popu>ations at 
remote instt^tions- to use the program and the performance measures 

""n mt'insta'nces. a specialty board or nationally recognized pane, 
of experts has been invited to review a new or revised pat^n 
simulation. Sometimes, the members of the specialty board or Pje 
review the simulations together at Massachusetts General Hospital or at 
their headquarters. At other times, individuals review the programs at 
their , home institutions using the Health Education Ne^";"!" 
programs are revised to conform to recommendations of specia ty 
boards. When national standards are revised, simulations are modified 
to meet the new standards. ^ « . 

• When the program performs adequately to meet objectives se^or 'J^ 
the program is released to the Health Education Ne^«°;^^^.^ ^"^^ 
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simulation and to comment on it. Comments and suggestions are 
coiiected, and the author makes revisions to the simulation. A national 
network of users Helps to keep the author informed of recent research 
and publications related to his simulation, and users' constructive 
criticisms are of inestimable worth in refining and updating programs. 

As long as the simulation is available on the, Massachusetts General 
Hospital computer systems, the author (or a designee) is responsible for 
following and maintaining it. The author answers users' comments, 
keeps program content and/logic current with generalty accepted 
practice and revised national standards, and keeps references in the 
program up-to-date. T|ie programs undergo continuous revision as long 
as they are in use. 

4.0 MUMPS ^ 

Development and maintenance of the computer-based patient 
simulations are facTTitated by a powerful yet simple- programming 
language, MUMPS (Massachusetts General Hospital C/tillty ^fulti' 
Programming! System). Program authors.do not need special training in 
mathematics, electrical engineering, computer science, *or computer 
programming to create patient simulations in MUMPS (5). The language 
is easy to learn and .use; people with no previous training^are able to 
write and debug a baslc^MUMPS. program in less than a week with no 
other aid than a MUMPS programming manual. Learnirig to use the full 
intricate capakiilities of MUMPS, however, and- to. use its associated 
global file structure optimally takes time and practice. 

MUMPS is well-suited to creating medical education programs 
because it is an interpretive system which provides program flexibility. 
All programming is done on-line, and it is easy to detect and correct 
errors. The corrected version can be run immediately and tested. 
Medical education 43rograms undergo changes continuously in the 
» process of their development and refi/iement, apd MUMPS allows these 
changes and additions to be made easily in operatirtg programs without 
hampering their use. 

Currently, all of the Massachusetts General Hospital simulations are 
written in the hospital's dialect of the MUMPS language (2). A standard 
MUMPS language has been specified (13), and the hospital plans to 
convert its simulations to standard MUMPS. Versions of MUMPS also 
run on Burroughs, IBM, Artronix, and Datai£eneral equipment asA/vell 
as on several models of Digital Equipment Corporation computers. A 
MUMPS Users' Group and a MUMPS Development Committemxist to 
facilitate communications among users and to promote language 
commonality for program interchange. 
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The text processing capabilities and file Structure Of MUMPS make It 
Especially suitable for patient simulations. The language provides 
^"^liborate string or text processing features in addition to standard arilt.. 
metic and Boolean capabilities. MUMPS handles string data in symbolic 
form and performs syntax checkinjjby pattern-matching to determine 
whrther a string contains a predetermined sequence of numerics, alpha- 
betics punctuation, or combination of tjjese. Strings can be assembled, 
disassembled, modified, or searched easily. MUMPS uses a common, 
rahdom-access file structure. Data files are stored in dynamic tree-«- 
structured form. Nodes of the tree are referenced symbolically using ^ 
N-dimensional subscripte. Files are created and manipulated 
dynamically, and space is allocated as it is needed. A datum in the tile 
can be changed without disturbing other data in the array. Together, 
these features provide capabilities which make it possible toy write 
sophisticated simulations that are ea^o modify on a relatively 
inexpensive computer system. 

An experienced computer programnlFwho is creating a patient 
' simulation may elect to use a driver but insert MUMPS code or cal 
other programs to perform certain special functions. Most computer 
languages distinguish between programs (executable code) and data^ 
They^rmit programs to create, reference, change, and exchange^at*- 
but do not allow programs to modify their own- or other programs 
code In MUMPS, a program may create, modify, or expunge part or all 
of its own executable code. A driver usually interprets data and 
executes the option indicated. When a driver finds MUMPS statements. 
" it creates a program and executes commands. . 

MUMPS simulations run at Massachusetts General Hospital on any ot 
si'x PDP-9 and PbP-15 computers. Each computer has a minimum ot 
32K of core, a 3.million character fixed-head disk, and Mo 30-mHl.on 
character movable-head disks. The interpreter uses 12K of core, and the 
remainder is divided into 20. IK user partitions, ^^'^'^"l';^?;''-^ 
resid'ent. and they are interpreted rather than compiled. Extended core 
. supporte more than 20 simultaneous users on a *;"fl'« 
' system supports ASCII terminals at the rate of up to 2400 baud 
in-house. systems are half-duplex and asynchronous. Average response 
time is 0.5 seconds, but response time varifesJisJ^CTnction of the task to 
be performed, particulariy as a function of disk activity and of the 
number of other users of the system. Response time may be as long as 
2f5',seconds when the system is loaded heavily. 

5.0 SYSTEM FEATURES .... tn-t 

There are several features of the patient simulation system that 
permit users to ask for and receive assistance. As the system has 
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developed and become more- sophisticated, features /which have been 
found useful have been incorporated into new programs. Not all 
programs have itil features, but some desirable system capabilities are 
described below. 

The patient simulations undergo constant review by their authors 
,and users. Users communicsfftd with authors through a system 
COMMENT feature; at any point in a program, the user may type the 
word COMMENT and follow this with a question or suggestion. After 
he has made the comment, the user returns to his place in the program 
sequence. Each day, both the comments and the names of individuals 
making them are printed for program authors. Authors review and 
respond to comments Individually by addressing their answers to the 
individual users who made them. The next time the user logs on the 
system, he receives a response to his comment. The COMMENT feature 
provides authors with continuous feedback from users. The information 
makes it easy for authors to detect and correct problems with program 
logic or content, so it accelerates program development. Users find that 4, 
answers to comments make the simulations truly individualized, ^r-- 
personal experiences. Faculty at remote institutions appreciate having 
the programs Maintained and updated by responsible faculty authors at 
Massachusetts General Hospital. 

During the course of a patient simulation, the u^r may need 
assistance; in this case, the user may type the word HELP. The program 
will ask whether he needs assistance with the format of his answer or if ^ 
he requires the kind of review and discussion of the patient's problem 
that a teaching physician or consultant might provide. After the 
program provides the help requested, it returns the user to his place in 
the simulation. The user may call the HELP function repeatedly within 
a single patient simulation. 

Each call for assistance and the type of hefp requested are noted on 
the daily output for program authors. When authors find many calls for 
p/ocedural assistance, they know that directions are not clear. If there 
are numerous calls for medical guidance' from the target population or 
individuals with more advanced training than the target population, the 
'author may reconsider and revise the characteristic^ or behavior of the 
simulated patient. ^Alternatively, the author may enrich the kind of 
medical guidance the program provides to use/s when they request 
advice or consultation. 

Frequently, a user finds it necessafy 'to interrupt a patient simula- 
tion. Many users of clinical simulations have responsibility for patients 
and must terminate interaction with a simulated patient to take care of 
a real patient. The user may type the word STOP at any point in the 
simulation, and the program will end and print THANK YOU. 
ff ' ■ 
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At times, there are inte^ptions in the computer or the communi- 
cations network, ancLlKe user may lose connection with the host 
computer system. If there is an interruption in the patient simulation 
either because the user typed STOP or there has been a technical 
problem, the user may wish to RESTART the simulation at the point at 
which he left it, A few programs give the user the option to RESTART 
in the middle of the simulation, to go on to another case, or to go back 
to the beginning of the interrupted case. 

When the patient simulation is long and complex, or in the case of 
an interruption and RESTART, the user may wish to have a summary 
of the findings to a given point In the simulation. To get this summary, 
a few programs allow the user to type the word REVIEW, and the 
findings- are printed so that he can review the data he has collected 
before he c6ntinues the simulation. 



6.0 SIMULATIONS AND THEIR USES ^ 

The simulations use combinations of static patient models for 
collecting Information leading to diagnosis and management jas well as 
' dynamic models which represent a physiologic process or disease which 
charges over time. In the dynamic models, the simulated patient 
responds to actions taken by the user. Much of the program content is 
oriented to emergency medicine. The simulations do provide guidance 
>^nd facts, but they emphasize problem-solving skills. 

Programs are used in a variety of ways. Some programs are required; 
others are recommended, and still others are available iox ad lib use. 
They may be used in (fonjunction with independent study. During the 
past 4 years, more than 150 institutions in more than 40 states have 
used approximately 50,000 hours of time on the Massachusetts General 
Hospital system for medical education by accessing programsjhrough 
the Network. Major users are medical students (68%) and practicing 
physicians (18%); the remainfng usage (14%) is by nxirses, dentists, and 
allied health personnel. Institutions who have access to the programs 
consist of medical schools (68%), hospitals (16%), national medical 
organizations (11%), and physician groups (5%). Medical students in 
their clinical, training use the programs to practice clinical decision- 
making. Practicing physiciaos use the prograrhs for self-assessment and 
for continuing education. Many of the programs have been reviewed 
and approved by the Harvard Department of Continuing Education for 
Category I credits toward the American Medical Association's 
Physician's Recognition Award. Poter^^ial users of computer-based 
materials for licensure/ certification, ^d recertification are great. 
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7.0 'networking 

Ma$sachu$etts General Hospital has received many requests from 
other institutions to share the patient simulations. Sharing educational 
resources is a*commonly accepted academic responsibility, and sharing 
the end products of federally-sponsored research and development is. 
implicit in grants and contracts. Sharing can be accomplished in a 
variety of ways. To date, Massachusetts General Hospital has found that 
sharing through networking permits a small staff at the host instifOtibn 
to provide Its best, most up-to-date pro-ams to the most recipients at 
the lowest cost. ' 

In networking, the program /esides on the computer at the 
originating institution, and recipients are provided access to the 
programs through a telecommunications network. The. originators 
^maintain and update one copy of the program, and they supply 
recipients with extensive documentation on the use of each program. 
User docum^tation, as opposed to program documentation, changes 
less frequently and does not need to be modified extensively for each 
recipient. Recipients share the cost of program distribution. A small 
staff at an originating or host institution can maintain and update an 
entire library of programs and make these available to a wide audience. 
Networking appears preferable to program transfer when programs are 
changed frequently and the resources at either 'the originating or 
receiving institutions are very limited. Costs to both the hos\ and 
recipient are frequently less for networking than for program transfer 
for an equivalent end product.^ 

7.1 Host Advantages and Costs • 
^ There are several advantages to the host in networking. By providirft 
access to programs through a network, the host fulfills his obligation 
for sharing the end products of research and, development responsibly 
and economically. Networking accelerates the development and refine- 
ment of programs because niany more people use and comment on 
programs than they would if programs were restricted to use in-house. 
Authors have extra incentive to keep programs up-to-date and non- 
parochial when they know their mrfterial^ are used nationwide by an 
audierice of studeals and peers. Documentation required for in*house 
maintenance of programs Is relatively simple. A small staff at a host 
institution can maintain a library of programs and provide access to 
that library at a reasonable cost. * 

Network host costs are for computer resources, communications 
services, and personnel. Costs for computer resources may be fixed if a 
portion of a computer is dedicated to networking, or costs may vary 
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with usage if the computer is capable of serving others when not being 
accessed by a user of the*network. Similarly, communications services 
may be at a fixed rate with unlimited usage of a fixed number of 
lines, or they may vary with the locations of users, number of 
characters transmitted, or total amount of usage (measured in time).. 
Personnel are required at the host institution to maintain computer 
programs and systems, develop and update documentation, /espond to" 
users' questions, and handle billing. Personnel costs to perform 
maintenance functions are relatively low. Personnel costs to provide 
network users with the technical, educational, and faculty development 
support could be very high if the host provided users with all the 
services from which users could benefit There are economies of scale; 
in general, the higher the level of usage, the lower the unit cost to the 
host, ' 

7.2 llscr Advantages and Costs ^ 

Network users enjoy, many benefits. Accessing programs through a 

-network permits people who have an interest in trying computer-based 
educational materials to do so without a large capital investn:>ent. The 
programs they receive are the most current available, and the recipients 
need 'not be concerned about transforming them for local computer 
requirements. Network users do not require a 'local computer installa- 
tion, technical staff, operation staff, or faculty commitment Jo update 
programs. Users share the resources of a complex facility such as Massa- 
chusetts General Hospital, ahd they have access to both the programs 
and the people responsible for them. Networking also allows the 
potential for^fostering remote authoring of simulatjons^ 

Two disadvantages some users attribute to networking are cost and 
control. Rentiog programs is often perceived as more costly than 
running Vrograms on a local computer system. However, cost considera- 
tions tend to be deceptive because users usually consider and compare 
costi assuming t^at program transfer, has taken pikce. Costs of trans- 
ferring and updating may well be greater than those for networking. 
Then, too, users do not always compare costs of .equivalent end 

• products. Massachusetts General Hospital ha$ redundant computer 
systems can guarantee access through a res^ation system,^ has a full- 
time operations staff, has personnel on-call for educational and 
•technical assisj^ice, and has faoOlty who respond daily to users' 
comments an^evise programs. Providing equal services at a remote site 
can be extremely coitly, especialjV if the sole use of the compyftr were 
for computer-based educational ipaterials. \ 

The other disadvantage to networfcmg tjiat some users perceive is 
lack of absojute control over program content. Control is exerted or*' 
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program cfontent by external sources such as nationally accepted 
standards, generally acceptecLowcMcal practice, and^^omments from 
users. Complete control over program content could be exercised by 
'each using institution if MGH permitted remote authoring and allowed 
each institution to tailor and store a copy of each program. However, 
currently the^MGH avoids writing procedurally-oriented programs and 
controversial material which tend to have little .^eral, applicability 
over.a range of institutions. ' / 

Initial and ongoing costs \o network users include charges for 
computer terminals, local an^ long distance communications, computer 
usage at the host Institution, documentation, other supplementary 
materials, and assistance from host personnel. A computer terminal 
must^be compatible with the network to which it connects; not all 
computer terminals will work on all networks. Some sophisticated 
■ terminals vyith capabilities to handle graphics, color, microfiche, film, 
^ slidA, and ^ound must be purchased ^d cost over $10,000. Basic 
alphanumeric terminals can be purchased for under $2,000 and rent for 
as little as $50/month. Communications charts may be as high as a 
long-distance call to the ho^on a specially cJrditioned telephone line 
or .as low as a local phone call to a network node on a regular phone 
line. Charges for use of the host computer may be based on the time 
that the-user is connected to the host's system, or they may be figured 
on the amount of central processing unit used, characters transmitted, 
oe. storage required. Documentation and supplementary materials, sufh 
as slides or. tapes to be used in conjunction with programs, may be 
provided to users or available at a fee. The host usually makes staff 
available for 6n-call assistance to answer users' Questions. If the host 
provides specfal services for individual users, there may be- additional 
charges for these services. \ 

The costs to recipients for networking with Massachusetts General 
Hospital are limited and under the user's control. f>rices for accessing 
the prograrhs range from $10/connect hourj^o $4/connecVhour; rates- 
depend on the user's minimum monthly cynmitment for usage and the 
time of the day or'night the person uses the system. Users provide their 
own terminals, which rent fbr as little as SSOMonth, and pay local tele- 
phone charges between their sites and the neabst TYMSHARE' nodes. 
Users have limited liability and may change tpeir levels of service or 
terminate service on 60 day's notice. 

8.0 SUMMARY 

One df the most important goals of clinical medjcal education is the 
teaching of the problem-solving process. The process is best taught in 
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u clinical settings, yet the constraints imposed by patient care and the 
Vunpredictability of the clinical problems that will be available for study 
may limit the effectiveness of such educational experiences. Computer- 
based patient simulations can serve as a valuable adjunct to education in 
clinical settings. Simulated clinical problems allow medical students to 
receive uniform instruction by computer and to learn from th^ir 
mistakes in clinical judgment in a variety of cases wit^ut risk of harm 
or harassment to re?l patients, without undue repetition of materials 
by their clinical preceptors, and without regard to the vaflaries in 
clinical problems presented by a particular patient population. Patient 
simulations can also be used by graduate physicians for continuing 

• education, self-assessment, and for , certification and recertification. 

The Massachusetts General Hospital has developed a series of 
computer-based simulations that stress the process of decision-making 
and that supplement practice in clinical problem-solving. Programs are 
written in MUMPS, a language-well-suited to clinical simulations. The 
programs, which are carefully teited and continually revised, are avail- 
able locally and throughout the United States via the Health Education 
Network. 
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by Charley Oleson 



INTERNIST: 

A Computer-based Consultation 



1.0 INTRODUCTION 

INTERNIST is a project being developed at the UnhJ^rslty of Pitts- 
burgh. The principal investigators on the project are Harry Pople, a 
computer scientist/business professor in the Graduate School of 
Business Administration, gnd Jack D. Myers, a University Professor in 
the School of Medicine. ^ 

The primary objective of the INTERNIST project^to provide an 
expert computer-based consultation capability for diagnosis of the 
diseases of internal medicine. In order to attain this objective the 
INTERNIST program would have to be able to: 

• work effectively on cases where more, than one disease is present 
since this is true of many clinical cases; 

t*ake as input history, signs, symptoms, and lab data in any order; 

• partition the manifestations into coherent subsets in order to 
focus effectively on the actual individual problems in the case- 
in some cases this also requires that misleading input be dealt 
with as well; 

• pursue through interrogation further information about the case 
in order to substantiate or disconfirm the impressions created by 
the initial manifestations. , * 

In order to explain how project staff attempt to satisfy these 
requirements, this paper describes tbe strucUjre? of the medical data 
base and INTERNIST programs and discusses areas slated for further 
development. 
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2.0 DATABASE 



the INTERNIST data base requires approximately 600,000 bytes of 
disk storage and is estimated to contain approximately 75% of the 
>diseases of internal medicine. These diseases are incorporated ih a tree 
structure organized, typtcally, according to orgari system. For instance, 
Liver DISEASE is a top level node in the djsease tree under which 
come HEPATOCELLULAR DISEASE, NEOPLASMS OF THE LIVER, 
CHOLESTATIC DISEASE etc. Similarly HEPATOCELLULAR DIS- 
EASE is broken down Into HEPATOCELLULAR REACTION, TOXIC 
HEPATOCELLULAR INJURY, and ABNORMAL IMMUNITY HEPA- 
TOCELLULAR INFECTION. HEPATOCELLULAR INFECTION is 
then reduced to HEPATITIS A and B, l>4FECTI0US MONONUCLE- 
OSIS and LEPTOSPIROSIS WITH HEPATIC INVOLVEMENT. These 
last^re the terminal or diaghosi^: level nodjs. The hierarchical structure 
of INTERNIST files is illustrated jn Figure 1. 

Associated with each of these diseases is a tist of manifestations that 
describe; the disease. For instance; some of the manifestations associ- 
ated with HEPATITIS A are JAUNDICE, FEVER and VOMITING. 
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Figure 1. Hierarchical Tree Structure of INTERNIST Di$ea«w 
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Two values are al$o associated with each manifestation under a 
disane, the first number is called the evoking strength. It is a value 
from 0 to 5 which indicates the impact the manifestation has in causing 
clinicians to think of the di^ase in question. A value of 0 means the 
manifestation is very non-specific and could be caused by any number 
of disease (e.g. FEVER) or indeed may require no explanation (e,g, 
SHELLFISH INGESTION RECENT HX). A value of 5 means the 
• manifestation is pathognominic with the disease. In other words, if the 
*^N4Wirfestation is present the disease'is present. 

iHf second number is called the frequency. It has a value from 1 to 
5 that indicates the frequency of occurrence of the manifestation in the 
disease. A value of 1 here indicates that the manifestation occurs but 
infrequently in the disease. A value qf 5 means that the manifestation 
is always present in the disease. 

With each of the manifestations a number of properties are associ- 
ated: ' . . ' ^ 

• diseases in which thfe manifestation occurs ' 

• import of the manifestation / 

• implications of the manifestation ' 

• 'type of manifestation, including source and costliness 

Tlie- first and most important of these is the list of diseases in which the 
• manifestation occurs. A second property, the import of the manifesta- 
tion is intended to be a measure of the degree to whicfi the manifesta- 
tion need be explained; So for instance, FEVER or lAUNDICE have 
imports of 5 whereas SHELLFISH INGESTION HX h/s an import of 0. 
Another property which may be associated with a manifestation is a list 
of implications. For instance AGE GTR THAN 55 implies AGB 26 TO 
55 and AGE LESS THAN 26 are negative. The "type"*refets to the 
source and costliness of the manifestations. The possiblf types in order 
of costliness are history, sign, symptom. Lab, Labi and ,Lab2. The > 
"prerequisite" property Indicates manifestations which mustJae known 
to be positive (or in sorae cases Jiegative) before the manifestation may 
be requested. For example, before doing a liver biopsy one should 
know that the patient has sufficient platelets to stop any bleeding, 
induced by the biopsy. 



3.0 THE PROCESSOR 

The INTERNIST program takes the initial input manifestations and 
from these fvokes the diseases which potentially explain them. It then 
ranks the diseases according to the degree to which they explain the 
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Miiirtrtlon. and chooses the most highly ranked disease and_ite 
^^ISSnM the subject for investigation., A disease is considered to . 
'■SS^SrUtoaslflnificantdegree^^^ 
SiiTSn dU same subset of the^set ofWwn 

of investigation varies according to the number of 
t,i!^«TLi>^ and The level, of interrogation. Four alteroat.ve 
modes are available: 
■ RULEOUT ' ' ■ 

NARROW ^ 
N •DISCRIMINATE ' . 
I • PURSUING 

f \here are more than five diseases and ^he level is history, sign or 
wSn ^li^ the mode is\lled RULEOUT. If there are more than 
r^Tthe level is Lab, Lab^or Lab2 the NARROW mode .s u^d If 
there are between tvo and five diseases then the "'ode.'' DISCRIM- 
Snr^Zre U only one disease, but it does not satisfy threshold 
'criteria, die moie is PURSUING. If it does satisfy the criteria then the 

'Te l%^U^^^o.s aslced depend upon the mode of invest-^t.on. 
RULEOUT mode looks W high frequency questions in order to elij - 
nate dLses by getting negative responses. NARROW and DlSCRIM - 
NATE ^ for ml^ifestatlons which differentiate between^tbe d.«a«^ 
And PU^UING asks about manifestations which strongly «voke the 

'■'TnS,u^Xin1he^« 

the diSs choosing a group of competitor diseases, selecting the 
m^e of nvXtion, asking questions, and then recycling unt^ 
^rUeria are Atisf^d. When a conclusion is reache,J, linked diseases a e 
glin boTu£; e^^^ manifestations are marked "accounted for : 
, and the prolessor recycles. ^ 

4 0 DIRECTIONS FfiR DEVELOPMENT ] 
' There are a number of directions in which the INTERNIST project 
. might deve op.Tmplicit in project leaded' goal for broad-based usA.o 
The system ?or medical consultation is access to 't r'^Th^Snt 
neUrks By N<^ember 1977 such access might be ava.lab e. Inherent 
in^s 4'rvice ^ be evaluation of the systern as it is be.ng.used by 
oeoDle outside the framework in which it was develope^ 

Law S usi of the programs through neiworksi^ndthe result ng 
evaluatTonTwill contribute to work on the systemyfnterfa;:e with the 
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user. Specifically project staff expect to make it easier for the user to 
Input manifenetion names. Another potentially significant tangential 
project will be to use the medical data base in conjunction with the 
If^TERNlST program^ to provide educational and testing programs for 
internal medicine. Of course, efforts in data base, development and 
program refinement will be continued. 

In conclusion, it is. interesting to note that all of the research and 
development work on INTERNIST over the past two years (1974- 
1976) has been done, via computer networks, at the SUMEX facility in 
Stanford. From the point of view of project staff this ability to make 
viable the highly specific collaboKtlVe use of large machines is one of 
the valuable capabilities of computer networking. 






by Edward H. Shortliffe 



MYCINProl^ 
^^Oiiiputer-based Consultation 
Sf^em ill Clinical Theraputics 



10" COMPUTER NETWORKING AND MYCIN 

Compuiar networking has been an important component of the 
ongoing research invplvtng the MYCIN Progrfm, a .computer-based 
pi'oject developed primarily at Stanford University, but also involving 
researchers in .Arizona, Massachusetts, and at. other sites acrojs the 
country. MYCIN is an interactivis consultation system designed to help 
physicians select antimicrobial therapy for patients with infections. 

1.1 Characteristics of Mycin 

The prognim's novel ^approach to medical decision making models 
clinical reasoning by using empirical judgmental knowledge, aciquired 
from experts, rather than formal statistical analyses of diagnostic or 
therapeutic probabilities. The system's design also includes features 
intended to enhance its usefulness and acceptability to phy$iqia*ns such 
as art ability to explain the reasoning behind its advice and automat^al- 
ty to correct spelling or typographical errors. 

- * Although the program focused initially on a discrete area of ihfec- 
tious disease therapy, the treatment of patients with bacteremia or 
meningitis, its rule-based mechanisms should be generally applicable as 
the knowledge base expands to Include Other problem areas of 
infectious diiease^erapy. The validity of MYCIN'S bacteremia advice 
is being formally evaluated \h late 1976. However, the program's Imple* 
mentation in the clinical setting l^^ill opcur only after the knowledge 
base has been e'xpanded to provide useful advice for a broad range of 
inf^tous disease problems. ^ 

; :( . ^.'.186. 
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1,2 Development of MYCIN 

As system development progressed, the number of individuals 
interested in the project and involved ip its growth increased substan- , 
tialiy. What be^n as a small proje((t, involving 4 or 5 physicians and 
coVnputer scientists has become an extensive collaboration of 
physicians, pharmacists, biostatisticians, and computer experts. 
Furthermore, development of a system such as MYCIN requires 
constant testing and feedback frohn interested "prarfies that make up a 
potential' user community, the program's ^existence on the SUMEX 
computer, accessible via both the ARPANET and TYMNET comjiuter 
networks, has enabled a large number of gridividuals to test the program 
and give developers their immediate comments regarding its strengths 
and limitations. Not only has this interchange via networks generated a 
widespread interest in the MYCIN program, but It has forced the 
developers to provide program features that keep it from becoming too 
regional or provincial in character. / - 

The networks have also allowed true CQllaltoration at a^distance. 
For example, the current author, formerly actively involved in the 
research at Stanford, has managed to remain involved on a day-to-day 
basis despite his move across tbe country. Simple bpokkeeping tasks, 
such as message sending and rejceiving, greatly facilitate this kind' of 
collaboration. Another senior inyestigato'^ on the project has moved 
from Stanford to Arizona but is also able to remain involved in system 
development kfy using computer netwoi;king technology. 

2.0 COMP^U^ER NETWORKING FOR SYSTEM USE 

A serious Concern : in the development of powerful computing 
systems for hospital use is the difficulty in packaging the programs on 
machines that are small enough to be purchased by hospitals. Computer 
networks may therefore provide important alternatives whereby 
comple)^ computer programs such as MYCIN (which currently requires 

< the computing power of a DEC PDP-10 when all its features are 
enabled) maty be mounted on a large central computer and shar^ by 
several hospitals *via modern communications equipment. Another 
advantage of such, a scheme is the ability to update and maintain the 
progranrs data iVi the central resource on a daily basis rather than to 

I send occasional "updates" to a nuniber of peripheral small computers. 

. . ... . --^ , . * 
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by Stephen G. Pauker, Peter Szolovlts, 
Howard Silverman, William Swartout, 
" and Q; Anthony Gorry* 



A Computer Program which 
Cpiptures Clinical Expertise ^ 
About Di^italis^herapy and P 
Provides Explanations of its 
Recommendations 



1.0 NEEDFOg^E^DiGITALISPR(^^ 

* The admir>MRion onKoi^is in^^thtf treftme'rit of congestive heart 
faHure and caraiac arrhythmiio'^^ended by substantial risk. Studies 

x have shown that 20% of patients receiving the drug nriay develop 
digitalis toxicity; among these* toxic patients the mortality approaches 
30%. Recently, a. computer t>rogram advise doctors concerning 
digitalis^ therapy has been developed whidn differs from, earlier ones in * 
two important respects. Ficst, It constructs a^ patient-specific model, 
reflecting the p^Dgram's. knowledge of pharmacokinetics and special 
features of the patient's condition which may alter his or her response 
to therapy. This model is used to construct the initial dosagi^ecom* 
mendations. Second, the program makes assessments of the toxic fM 
' therapeutic effects which actually occur In the particular ptftien) to 
^ fonnulate subsequent dc»age recommendations. A clinical ^rtcial was 
^ performed in which the program "followed" a series of patients 
managed by clinicians on a cardiology service. That trial demonstrated 
the program's ability to recommend appropriate therapy in acutely ill 
patients.^ Each patient who developed toxicity had received mojy 

* Stephen Pauker, M.D., F.A.C.P., F.A.C.C., it Assistant Professor of Medicine 
at Tufts-fifew England Medical Center, Boston, Mass.; Peter Szolovits. Ph.D., Is^ 

- A|iiftant Professor of Electrical. Engineering, Laboratory for. Computer Sdente, 
' Massachuaetts Institute of Technology; Howard Silverman, MjS. and VVilllam 
$Mertout, BJS., are atTfilta^ed with the Laboratory for Computer ScieAoe, Massa- 
. chusetts Institute of Technology; and G. Anthony GorrjiK Ph.D., is affiliated 
twith The Program for Health Management, Baylor Collage of Mecliciner HoXis- 
tdn/Texas. . / ' 
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dtyitalls*' than would have been recommended by the program. The 
program anticipated each episode of toxicity before It was recognized 

^•'^A/Wougfi the program outlined above seems to"be successful in 
fornLlating dosage recommendations, to be widely accepted, any, 
'program which attempts to make clinical decisions must be able to 
explain its reasoning processes to the clinician. An explanation capebil- 
ity provides several important benefits. First, physician acceptance will 
be more easily dbtained if the cliniciart can^assure himyhey elf that the 
program, makes reasonable deductions and recommendations. Second. 
*an explanation feature may serve a valuable pedagogical function. 
Students'^r practitioners may improve their own abilities by learning 
expert techniques from the program. Finally, the prp^am's ability to^ 
provide explanations can serve as a valuable debugging tool. Sirj|^ 
explanations are produccd-in-English, the qjinician can locate errors of 
medical knowledge, al^Qh a good programmer will still be required 
to find other errors, mm - - 

2,0 EXPLANATION FACILITY OF THE PROGRAM 

To provide an explanation facility, a new version of the-^erogram /, 
cited a>ove has been written in OWL, an English-based corhputer 
. language being developed at MIT. The use of OWL allows the program 
to provide English explanations of its reasoning steps., The program can 
explain^oth the methods it uses and how those methods were applied 
during a particular session. In'addition, the program can e?<plain how it 
acquires information and tell the user how it deals with that informa- 
tion either In general or during a particular session. 

Most explanations are produced directly from the Code used m 
prescribing' digitalis, and from iriformaticm which is generated by tjie 
OWL interpreter as A ruM. the ability of the projgram ttyranslpte ]ts 
internal structure tp an English.explanation is provided by structuri<ig 
the program In semantically meaningful procedures (SMP). Each SMP 
attempts 'to represent a single concept or idea that should be 
meaningful to the ohyslcian using the system. Just as a general idea may 
Involve smaller, mJre specific ideas) so too a semantically meaningful 
• procedure may t/composed of more . specific S^/IPs. As an example, the 
procedure that checks fir fectors which/may^ mgke the patient 
excessively sensitive to the toxic efifects of digitalis includes a call to a 
> procedure which checks for sensitlvityrdue to hypoxemia. Because the 
program Is organized in this way, the explanations produced by the 
system. tend to relate we4l to ideas with wl^ch the physician is already 
acquainted. 
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In many . purrent systems that ask the user a series of questions, a 
problem octurs if the user wishes to change his^ or her answer to a 
previous. fifM^tion. The system accepts the change, but must recompute 
all the results cohiputed subsequent to that questipn to insure that 
none of them are affected. Clearly, this may involve a considerable 
amount of unnecessary recomputation. By using OWfcr«ne can obtain 
|| the data structures-necessary to avoid this problem. The same mecha- 
nisms also allow answering hypothetical queries and investigating what 
the effect of changing some answer would be on the therapy recom- 
rnendatidn. . 

AVAILABILITY^F THiE PROGRAM 

A comfiuj(er program that implements the capabilities outlined above 
currently exists at MIT and can be accessed via national network 
faciliti^of ARPA. , ' V 



(. 



191 



( 



Part IV 



192 



Computer Networking 
Ph^cal and Chemical 



ERIC 



• .' ♦ by Warren D. Spider 



Overviieiiv: Networking in the 
Physical and Chemical Sciences 

This set of papers, explores the role of computer networks iri the 
physical and chemical sciences, Authors were asked to consider 
matei^als to be distributed, standarcjfs, user services, technical staff, and 
financial considerations with .particular concern about the n)odular 
^structur^s of programs and data being distributed. Papers included here 
describe important issues relating to the use of computer networks in 
the chemical and physical sciences and suggest how the sharing of 
software and data bases might be accelerated. The potential role for 
EDUCOM in. this process is also explored. 

The following recommendations of the Physical and Chemical 
Sciences group at the Fall Conference are intended to help the 
EDUCOM Planning Council Iccejerate the use of computer networks iri 
Kigher education. By accepting these and related recommendations the 
• Planning Council will well serve the community of physical and 
chemical scientists, as well as..benefit by participation of people in these 
disciplines. ' < ^ 

7. Processor to Processor Protocols. There is concern that, in the 
next few years, when ARPANET is phased-out, that other communica- 
tion networks develop protocols for exchange of files, including data 
and programs. Hence, we recommend that the 1*lanning Council work 
with the communicatibn networks to define protocols. In addition, the 
Pl3nnin^ Council should consider funding a project to identify the 
advantages of e^changing.files among processors. > ■ ^ 

" 2. Cooperative Constryction of Data Bases. There are several 
examples where computer networks have enabled researchers at differ- 
ent sites to cooperatively construct, access, and maintain data bases; 
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fot example, in- the areas of earthquake, oif production,. and ec.pnomic 
research: We recommend that the Planning Council support one or 
more projects^ where researchers at different universities particilpate in 
buildirig a data base using computer, networks. Two areas where 
independent data collection activities exist today are thermodynamic 
properties and geotechnical data. \ ' 

3' Friendly interfaces. We recXanize that throughout the physical 
and chemical sciences many programs exist that reQUire minimal work ; 
to create "friendly, interfaces" fo/ usage, on -a computer network. The 
CiviJ Engineers, in particular, have been concerned with the problem of 
testing software and upgrading programs for distribution/ and would 
welcome an opportunity to use computer networks as a (neans for more 
active communication among program contributors and users in the 
field. One possibility would be for the Planning Council to fund a sm^ll 
project in which the CiVil Engineers and EDUCOM prepare a proposal 
for a joint project to. be submitted to NSF. The Planning Council^; 
advised to work with other disciplines in a similar manner: 

4. Bibiiograpl^ic information Services. Information services such as 
Cl)emipai Abstracts have, been more widely availaWe through magnetic % 
tapes and communication networks. Yet^ we are told that the level of 
utilisation continues to be relatively low. We recommend that the Plan- 
ning tounc.il consider projects to catalyze usage of^these services mv 
research and teaching. A second recommendation is that EDUC»M 
• work with distributors of these services to arrange for reduced, rates for 
EDUCOM mehnber instituticMis. ^ « . 

Prof. Pichard R. Hughes, University of Wiscpnsin, vyas particularly 
helpful in developing these recommendations by sharing his insights 
concerning the work^and goals of the EDUCOM Planning Council. His 
contributions deserve special recognition. 
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by Donald ^. Austin * 



Computer Networks in- 
'the Physical Sciences 



I 



1.0 INTpibDUCTION 



The ^PDA fEnergy Research *anfl Development Administration) 
researcl) community consists of eight multipurpose labofatories, more . 
than y dozen single purpose laboratories and energy research centers, ' 
and over 100 universities distributed throughout the United States (see 
'Fl^. 1). In addition, a large -number of private contractors^ undertake^ 
/de^elotiment and demonstration projects for ERDA. The nature of 
■ ERDA's mission requires the development of large scale modeling' 
. systerttv analysis programs, data bases, ahd hardware facilities. These 
supp^y pWerful com^vitati^qal techniques to a vvide- spectrum of ^ 
research actlvit^€?^-from the investigation of th^ fundarJientaUaws of ^ 
nature to energV policy ianalysis. Corri|3utec science research in ERDA 
has created a variety <if u/iique facilities, ranging from innovative 
computer hardware configurations, through sophisticated algorithm 
developments,' to high level human-machine interface techniques. Thi^ 
research has brought computational and data management techniques 
to the ERDA community which form the/ba.sis for most^of the 
theoretical and experimeatal analysis necessary for scientific research. 

. Since. the ERDA comnrfunlty is widely distributed ^eogfaphifeally, i,t 
•has been difficult to prjovide the complete spectrum of computational 
ar\<} data'management facilities equally to all researchers. The practical 
consequence has been, jn some , cases, dLTplication of effort; or, i/i other' 
cases, lack of ^computational facilities. The expense involved in 
transporting specialized computer software among diverse operating'' 
systems is appreciable. It is widely acknowledged in the computer 
science community .that the ratio, df^software development costs t* 

■ V ■ -■. . . / 
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,^ hMtimre co$U is approaching four to one^^Yet eveiji the smaller portion 

/ of computing o^ts, specialized hardware, is muth toa expensive to 

' distril^te on equal ba^s to all.ERDA sites. Tio achieve a balanced 
cKstributron of computer resources throughout the^ERDA community, 
one ^solution IS ^^distributed computer netvvork. ^ 
/ There are.s^erlpl kinds of networks being developed today. Among 
these are thji ^tar network, where one host cort^pdter controls all 
network activity a centralized'' configuration with all other nodes 
connected directlyl tb that host. The most basiio^k^nd of star networks 
consists of a large computer center supporting'remote job entry (RJE) 
stations and interactive terminal ports.- Most modern computer center^^ 
provide this basic tevel of network service. The RJE's typically .hav^ 
otrd readers, Jine printers, and perhaps h tape drive. Interactive terminal . 
ports can be^ardwired directly to the front ehd of the host computer, 

/ or provide dial*Up modems for remote access over telephone lines. 
Another interesting ^configuration is the homogeneous netv^rk, ' 
consisting of two or more similar mainframes hooked together running 

. a single operatmg system. This .arrangement provides multiples of th^^-v 
usual fac^lities^found^i^ a\single system, usually in a manner transpar^t 
to the user. This configuration can also be the center of a star network 
as in most commercial tinf^e sharing services. ^ 

The most interesting ana versatile configuration is, the heterogeneous 
distributed network, where different computing services are made avail- 
able to a distributed community of users as in the ARPA network. This 
configuration is somewl)at more difficult to use, sfhce the nodes may 
have different operating systems, accounting^algorithms, and so forth, 
but it does provide access to unique resources, including hardware, 
^software, data bases, and personnel. 

The ERDA Network Experimentatidn Project (1) was established to 

• explore the use of distributed computer^ networks as a potential long . 
term solution toMhe problems ipf reliable access to unique computa- 
tional facilities throughout ERDA. The primary test vehicle for this 
research is the ARPA network (see Fig. 2). ERDA sitesv.curreatly 
connected to the ARPA network are depicted in Figure 3. Investigators 
from each site use the ARPA network^ and sometimes TELENET (a 
commercial "value added'^ packet network), to access remote' time 
♦ sharing systems and to transfer data fites Nbetv^een sites. This activity 

^ has been increasing during 1976, and h^s produced many examples of 
uses of the network for conducting scientific research (2). 

2.0 CAPABILITIES OF A DISTRIBUTED NETWORK 

The important capabilities Jnherent in a distributed computer 
netvyork are the sharing of unlqiie hardware, software, data bases, and 
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FIGURE 2. ARPA Network, Geographic Map 
June 1975 ' 
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personnel. The possibilities of remote scientific collaboration using 
networji^s are increasingly exciting as the development of device 
independent graphics systems, teleconferencing systems, and network 
mail faciHties continues. The richer scientific environment offered by 
networks should provide a nevy style of scientific riesearch in tfie near 
' . future^ Some examples of these resources are given ttelow,^ 

2.1 Hardwal-e Resources 

The 60 or so nodes on.the ARPA network offer a wide variety of 
hardware capabilities which have never been collected in a single site 
accessible to the general scientific community (Fig, 4). These include, 
for example, the ILLIAC IV parallel processor machine at NASA-Ames, 
the CDC 7600's at LBL and BNL, IBM 370/195's at UCLA, ANL, and 
RHEL for large scale computation. There are terabit mass storage 
' ' devicfes' available at CCA (the DataComputer). at LBL (the IBM Photo- 
dlgilfal Chipstore), and^3t NASA-Ames (the Unicon device). Computer 
output to mjcrofilm 4C0M) devices can be accessed at several sites 
(with appropriate arrangements for mailing the output back to the 
user), providing high quality graphics output for network users, 

■ 

2.2 Software Resources 

The cost of software development is often four times the cost of 
hardware. One might expect that the^ standards for FORTRAN. PL/I, 
ALGOL. COBOL, etc. would obviate the claim-for unique software, 
^ just as Esperanto was supposed to make Mr, Berlitz obsolete. For some 
time to come, I foresee that network acqess of special software has as 
good a future as Berlitz. After all, ^the international standard ASCII 
character codes have been adopted by every major computer manu- 
facturer-except, of course. IBM. CDC. UNIVAC. and so forth. It is a 
^ac t» o W i f e ^h a t /ea 1 1 y J.aj ge sea I e so f tw a re e f f o r t s t e n d to ta k e a d v a n tage 
of machine architectures and will thus be relatively difficult to 
tran^ort. If they can be used over networks, there ts no need for trans- 
porting. Figure 5 represents the concept of network access .of special 
softwar*, 

' 23 Datd.Bases ' 

The strongest case for distributed processing can be made for a<lcess 
to unique data bases. Consider';' for example, the very large data, bases 
containing the decennial census (on the order of 20 billion characters). 
This represents a vast amount of data of interest to a broad spectrum of 
^sers/ To transport st3ch a large data base to thousands of computer 
systems is a horrible and wasteful task, 'Few people ever require the' 
• entire data base.' Instead they need to sample freely from the data as 
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the. need arises. Clearly If one could store the dtt^ efficiently on one 
system, and provide easy and efficient access to^li|l| users,*a real savings 
ih time and effort would accrue— perhaps even epough to finance the 
diBvelopment of human oriented query languagesJ high level network 
protocol, archival mi^storage devices, and othel such developments- 
'nquiretd'to m^ke distrlKitfiHd networks funojon^smoioth^ Although a 
somewhat smaller s^t of users ^'xists for^sWentlf^aw ^ases, ^uch as the 
etementary. particle data base' the table of isotofies, neutmp cross 
sections, and the physical properties data*base, the principle is the 
same. > . \ . * . 



f. 



2.4 Research Cbll^boration 

Perhaps the most exching.con«equencfi of j:6mputer networks is the 
possibility.^ of enhancing^ research. coMab^tdtions by scientists from 
several Institutions. The field of.higf) energy physics is particularly 
effected by this requirement, because there are only a few targe particle 
accelerators available (such as Fe/mi Lab, SLAC/LBU CERfSl; PESY, 
Ruthdrford/^tc). These machines must be used bly all^perijiientar 
physicists to do their work, and the expense and lengthy times myolv6||J 
in most experiments demand that the work be collaborative. Similar 
statemerhts obtain for magnetic fusion energy devices, suchv as 
TOKAMAKs, TORMACs, Baseballs, ^nd mirror machines. In ^)rdertp 
do physics experiments, groups from several lnstitutions joiny^ their 
efforts tn setting up' the .experihnent, taking data, and Jmalyzing the 
data. Thf advfent of computer networks linking the host computer 
systems •of the home sites of^these researchers' has already had an 
impact on the quality of reseafrch collaboration. When sevei-aJ sites are 
Involved in collaborative data analysis from a single experiment, it is 
mandatory that good communication be established between the 
groups, and that the analysis techniques are compatible an^ accurate. 
Heretofore, this function hai been satisfied, only through travel, tele- 
phone, and the U.S. mail. By sharing data, software, and comments 
over ne^orks, this process has iQcreased the quahty and timeliness of 
scientific jGollaborative research. 

In othejq fields, the comparison of models will become practical over 
networks, allowing consistency checks and model expansion to become 
feasible. Regional- energy models can be hooked together' taJorm a 
national model; local models* can be "aggregated" to provide in^ut to 
regional models; and such matters as the appropriate units of quantities 
can be decided upon collaboratively. These aspects. Including the 
'-Sharing of model data bases, make computer networks an exciting 
medium for doing scientific research in the very near future? 
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3.0 EXAMPLESDP APPLICATIONS / > , 

The following exacnples were taken from experiments already 
cdnducted or in the planning stage under the ERDA Network Experi- 
mentation Prolect. The difficulties* involved hav^ been cjeliberately 
Onderrepresented for the purpoje of this illustratitSn. These difficulties 
faH mainly in the areas of low effective transmission rates an<d the lack 
of adequate system * documentation available. Nevertheless, the 
examples serve to illustrate the potential of computer networks for ^ 
scientific research. ^ . ■ •■ ^' 

3.1 Pactial Wave Analysis 

Collaborators at Lawrence Berkeley Laboratory (LBL) and Ruther- 
ford High Energy Laboratory (RHEL) are just beginning to^ analyze 
data on pp - 2 pi experiments at 16 different energies. The analysis 
proceeds in a series of six more 6r Ifess distinct steps involving two ijet- 
vvoVk nodes-(LBL and RHEL) ancj another tv^o potential nodes (CERN 
and'BNL) (fig. 6). The eJtperimait proceeds ^s follows: 

• /. Data is sent to BHELfrom LBLgverthe network, CERN^over 
an RJE link and from BN L currently, by airmail. 

• //. The first phase of the analysis is carried out on RHEL's IBM 
360/195. producing a large set of coefficients for the partial wave 
amplitudes. 

• ///. The^file of coefficients is transferred to LBlrOver the ARPA 
r^etwork. At LBL, a cluster analysis program divides the- solution 
set into several groupy^This is a lengthy process requiring human 
judgement, so duting this^hase the oollaborators use network 
mail facilities to communicatfe on a daily basis. 

• /V. The results of the cluster analysis are subjected to a continuity 
fit program on LBL's CDC 7fe^0 for further selection of solu- 

' ^ ' . tigns. ^ . 

• y. These results are then transferred back to RHEL, where they 
are used as weak constraints for a pole extraction fittkiq program- 
(to select resonance states). 

*w. The final solutions are input to a graphics display program at 
RHEL. The displays are sent to LBL over the telnet connection 
• to a storage scopi display terminal. ' , v 

Clearly, step / is a potential network process, since BNL is almost ready 
to connect the central computer facility to the , network, and the 
amount of data contributed by each site is small enough to transmit 
over^the network. . ^ ^ . 
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In se'veral of the^teps. the potential exists for using available analysis 
software wherever' it exists on thi fietwork. For example, a cluster 
analysis program developed by a chemist at LLL could be used for that 
portion of the analysts. _ , 

3.2 Track Sensitive Target Experiment 

The Track Sensitive Target (TST) is (3) a perspex box of hydrogen 
^■immersed in a. neon-hydrogen bubble chamber at RHEL^ The TST pro- 
vides isolated protons for^ a pion beam to interact with, and the 
outgoing gamma rays are detected by the neon-hydrogen chamber. This 
experiment vyas a collaboration between LBL, RHEL and Turino. • 

The film from tl^is experiment was divided three ways, with LBL, . 
RHEL and Turino each analyzing a third of the events (Fjg. 7). It Was 
necessary to determine any biases produced by the three separate . 
analysis systems, so close collaboration of results w?s required through- . 
out the analysis process. The long delays inherent i*! the postal system 
(a minimuW, of ten days) tend to prodiice undesirable short cuts and 
oversights. Using the network mail facility and the capability, of trans- 
mitting graphics displays over the network,, LBb and RHEL were able 
to maintain daily communication.. .In contrast, Turino had to send two 
physicists to RHEL for several months to complete their work. This 
exercise, which was one of the first research experiments carried out 
over the LBL link to the network, demonstrates one of the most power- 
■ ful applications of the network. It does not speak, of course, to the loss 
to the researchers of two months in the lovely Oxford countryside. 

« 

3.3 Mathematical Software Portability 

The Numerical Software Group at Argonn?, has been devejoping 
reliable, transportable mathematical software for sgveral years (Fig. B) 
(4) The EISPACK package for solution of eigenvalue problems is 
perhaps the test known of their efforts. During the development of 
mathematical Software packages, considerable Effort goes mtb making 
the software portable and accurate.to a certain precision on several 
machines (IBM, CDC, UNIVAC). By gaining access to other computers 
via the network, this- task can be greatly faciliWed. The first effort to 
test this concept was a particular routine in the minimization package. 
MINPACK The routine, Davidon's Optimally Conditioned Optimiza- 
tion Routine, was compHed and mn on LBL's CDC 6600, and the 
output transferred Jpack to Argonne for appraisal. It has been estimated 
by the director of that project that the network would have saved up to 
eight months in the development of EISPACK, and an even greater 
potential savings^existed for the development of MINPACK. 

20^ 
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3.4 Gateways Between ^4etwork$ 

The Magnetic Fusion Energy network (5) (MFEnet, forifierly called 
the CTRNet, Fig. 9) has been Established by £ROA to provide a central 
facility for the support of research irt this area. This star network 
f^rovides access to major participating l^aboratories and universities 
throughout the country. However, there remain many sites^ with 
somewhat smaller MFE programs, particularly universities, -which do 
not have reliable access to the MFEnet 




O CTR'ICbmputer Center <CTRCC) 
A User SeVvice'Center (USC) ' " 
• Future local sites (typical) 



FIGURE 9. The Magnetic Fusion Energy Network^ 



network gateway is a host having access to two or more netvvorks, 
and which supplies the necessary protocol translation software to allow 
messages to flow frorfi one network into^another (Fig. 10). An example 
of such a gateway is the RATS (6) system developed by LLL'^RATS is 
an ARPA network host, and through its dial-out facilities, has access to 
the MFEnet centered at LLL (as well as to commercial networks, such 
as TELENET and TYMNET). ^ a 
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Network investigators at NYU iand ANL (4) were able to gain aD^s 
to the main MFE CDC 7600 'through the ARPA network. by using thK 
PATS gateway. Although this was done on a test basis only, it provei 
the feasibility . of internetwork communication as a mechanism for 
resource sharing on an even broader scale. Clearly, any system which 
supports more than one network has the potential of linking these 
networks together for an even broader set of resources. 

, 3.5. 'Teleconferencing • • 

The^PLANET^II teleconferencing system (7)»developed"by the insti- 
tute of the Future is being used for daily communication by nearly a 
dozen collaborative groups within the ERDA community JFig, 11). 
PLANET provides a b^ookkeepihg service for messages, a survey or vote- 
taking service, a review service; and several other handy fjsatures which 
4nlike communication among large groups eapy. Since a printed tran- 
i^^script is always available, it far outweighs the telephone conference for 
t**^ many purposes. A sample, of the groups using the teleconference facili- 
ties hid udes:!^ , 

• /. The ERDA Interlaboratory Working Group for Data 
Exchange, involving researchers from eight laboratories and 
ERDA Headquailers; ' \ \ - 

//. Three, panels on the .ERDA Network Experiment Project, 
including peopJe from six laboratories and universities, discussing 
the implementation, application, and objectives of network use; 

' e ///. An inftrnational group developing a transportable data 
management system (the Berkeley Data Management System); 

^ /V. An international group developing robust mathernatical soft- 
ware. ' 

It is significant that these groups, which formerly met at most on a 
quarterly basis, are now keeping in daily contact ov^r the network. Thna 
facilities available to conferees include the ability to entef print files or 
data files into the conference, collaborate on group reports, broadcast 
results to all participants immediately, communicate asynphronously 
(at arvy time, independent of tirhe zone differences), and to save tran* 
scripts of the conference proceedings for further distribution. 

4.0 THE FUTURE 

There are several serious problems to be faced in existing networks. 
Primarily, tHe transmission rates are too slow for many ^plications, the 
heterogeneous operating systems are unfathomable to the casual user. 
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and^thiB availability of resources^is not well documented.^f he course of 
computer* science research in networkihg must take all these impedi- 
rrients into account if networking is ta ever reach Its full potential to 
the scientific comrnunity^ 

The future of cogimunications technology seems particularly bright 
today. The use of satellites, helical wave guides, and the like make 
megabit/second transmission afiye year goal. Other possibilities include 
the piggybacking of data, voice, videc^and facsimile signals on' high 
bandwidth nnedia. It seems ceyain that the large scal^ use of high 
bandwidth communication media will bring the price to within reasiDni 
able limits vyry aiDon. ' ^ • ^ , 

The human-machine interface is perhaps .the most troublesome 
problem faced by ^letworkVesearchers. After man^ yeafs, the1:omputer , 
is^itill a variety of dumb^beast which simply refuses to bow to hurnan 
languages, the availability of i/i^teNigent termm^ls, with local storage 
and powerful microprocessors/ can alleviate this problem somewhat, 
but what is still needed is the universal job control language (another 
Esperanto). • „ 

Machine-machine, interfaces show someisigns of being^ solved. The 
international CCITT X25 (8) protocol is'^an encouraging sign of' 
cooperation on this .problem. Probably the next step is to interface 
machine directly with the communication medium (when that nredium 
becomes capai;>le of handling speeds comparable tq^other peripherals). 
W There isjnnuph Iwork to be done to make distributed conrtouiing 
transparent to the user, but I am confident that the next few years will 
provide great strides in this direction. 
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' * \ V ! by Peter Lykos 



.Computer Networking 
in' Chemistry 



1.0 JNTRODUCTION 

This EDUCOM session is a sequel to the Fall '12 EQUCOM Confer.- 
ence "Networks and Disciplines." The proceedings (1J of that 
confer^ence contain the paper "Networking and Chemistry" replete with 
a stereographic picture of a molecule and a viewing devicel Accprdingly 
this paper constitutes in part an update spanning the elapsed four years. 
Also during this period the American Chemical Society (ACS) formed 
;the Division of Computers in Chemistry* (COMP). The 48 symposia 
GO MP has since organized include one on Computer Networking and 
Chemistry. Published proceedings constitute a recent primary reference 
for all aspects of that subject except for commercial information 
services. 

In order to give some perspective to those interested in computer 
networking in chemistry, it is important to present an overview. The 
point has been made that the. importance of a discipline-oriented focus 
in computer networking has not been adequately recognized (1) and 
indeed should be emphasized as the third dimension of what has been 
vjewed as a problem only along two dimensions, namely/ those of 
computer network technical support and administrative structure (3). 

Chemistry is an experimental science^ baied on the laws of physics, 
described using the language of mathematics augmented by the graphics 
-of molecular structure, and dealing with bulk matter from a molecular 
perspective. Hence the computer in^ all its manifestations, plays an 
important role in all of chemistry. Indeed a commemorative 13^ U.S« 
Postaoe Stamp issued in April 1976 as part of the ACS centennial cele- 
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bration depicts a collection of chemjc^ flasks against a background of 
.. punched paper tape. 

2.0 ACTIVITIES IN COMPUTERS IN CHEt^lSTRY 

-Six selected computers in chemistry activities highlight impdrtant - 
issues related to the use of networks and suggest how the i^haring of 
software and data bases might be' accelerated. 

2.1 American Chemical Sbciety,Computer-Based 
Service and Activities 

First, one must recognize the American CheHTTcaT Society (ACS). 
The ACS is 1 QO ycTars old, has 1 1 0,000 members, and has a long history 
of effective and modern service to its members and to society:<as a 
whole. Only three relevant^CS activities are d'escribed here. 

. A. ACS Chemical Abstract Service (CAS), an operating subsidiary of 
the ACS, is a $25,000,000 per year operation. It examines 14,000 
different primary journals published in 125 nations, patent' reports 
from 26 countries, monographs, books, conference proceedings, govern- 
ment research reports and university theses, all of which generate rrwre 
than 1,500,000 items per year in 50 languages, and of which about 25% 
contain information of interest to chemists. CAS produces about 1,500 
abstracts per day in machinable form including appropriate code for 
retrieval The process includes use of an algorithm for taking a com-' 
puter gra(5hics terminal image of a molecular structure and incor- 
porating it, with redundancy chec^iing, into the basic CAS File. A 
steady stream of corresponding ^ computer readable rinaterial is 
distributed via .magnetic tape to CAS Information Centers aWH^/er the 
world as well as to end users. Computer readable services- delivered via 
magnetic tape that are lifted in the 1977 brochure "Information Jools" ' 
published by Chemical Abstract Service include: 

• C.A. Condensates (weekly) 

• • C.A. Subject Index Alert (biweekly) 

• C.A. Sfervice Source Index (Master file update quarterly) 

• ' Chemical Biological Activities (biweekly^ 

• Chemical Industry f^otes (weekly) 

• Chemical Titles (biweekly) 

• Ecology and Environment (biweekly) 

• Energy (biweekly) 

• Food and Agricultural Chemistry (biweekly) 

• ^ Materials (biweekly) 

• Patent Concordance (two vplumes per year) 

• Polymer Science and Technology (biweekly) 
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Yn addition CAS has designed., and is using the Chemical Registry 
System whereby a uniqye identification number is assigned to every 
known" compounjj indexed to a suppbrting file. Over 3,0P0,000 
substances have been registered and the number increases at the rate of^ 
300,000 per year! , ' \ , 

There exists a tremendous gap between this huge and important 
resource and the potential user commuqjity. Education Ol^lf)otential 
users as well as the cost-accounting and technical probTlpmsof access are 
all wghificant'barriers (4) to the realization of that potential. 

At ACS headquarters in^VVashington, D.C., a majct demonstration 
project, CEDS (Continuing Education Delivery Sysftms), is inten^d to 
go beyond the hitherto very successful ACS efforts using audid^'tapes , 
and traveling short courses. 'CEDS is an attempt to use computer 
augmented Jnstruc^on via a national commercial computer nftWork. A^^ 
comprehensive sufVey of the CEDS intended audlenQ^, the industrial 
bench chemist, /evealed seven areas of interest. It is anticipated that 
establish merjjfr^f a computer network delivery system fpr continuing 
education will, lead to expansion of that delivery system ttf include 
remote data access as well (4). 

The ACSDivfsion of Computers in Chemistry (COMP) dame into 
being m April, 1974, &&^th several objectives including (1) to serve as a 
forum for computatioim chemists and (2) to serve as an interface 
be^tween Chemistry- and Computer Science and Engineering. Relative to 
the thrust of this EDUCOM session, COMP's national symposia have 
included^ "Program Certification arid Transportability", "Computer 
Networking and Chemistry", and "Algorithms for Chemical Computa- 
tion". In order to improve the chemistry/computer technology inter- 
face COMP is in the process of affiliating with the American Federation 
of Information Processing Societies (AFIPS). 

^- ^ ' 

2.2 The NIH-EPA Chemical Information System (CIS) 

The National Institutes of Health an;! the Environmental Protection 
Agency have undertaken a cooperative project, the creation of the Mass 
Spectral Search System data base (MSSS). As the Federal Governmerit 
cannot be in competition with the private sector and as^ products 
produced using public funds are in the public domain, NIH and EPA 
negotiated with commercial time-sharing companies to make MSSS 
available to geographically distributed scientists. The MSSS effort now 
- serves-i^S separate organizations in North >J^merica and WCTtern Europe 
daily. In 1976 the NIH-EPA provides a variety of chemicjKinformation 
services in. addition <o MSSS. Fourteen data bases and application 
programs are now part of CIS, and seventeen different organlz9tlons in 
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six countries have committed man|K)wer and/or monies toward the- 
expansion and maintenance of CIS (5). ^ 

23 The National Resource fOrComputation 
in Chemistry (NRCC) 
Ever since September l651, when a group of quantum chemists^et 
at Shelter Island in Long Island, Jhere has beeo a growing organfljedfJ^ 
•interest in arid^concern about the role of computers in chemistry^ In 
May 1970, the' then' recently formed National Academy of Sciences- 
National Research Council' Committee on Computers in Cher^^try 
organized a Conference on . Computational SupponX of TbeOffitical 
Gherfiistry (6J. The pro^deedin9s*of that conference, distributed nation- 
widfe a& a National Academy of Sciences report, carried a derailed 
description pndi recomnntendation for creation of a National R^ource . 
for Computatiopun Chemistry.* 

Both the Energy Research and Development Administration and the 
National Science ^ounS at ion became interested in the concept of an 
NRCC. in 1976 foth-iRDA laboratories are now generating proposals 
to become the NRCG site. Those proposals are due 3 December 1976 
and it is expected that within one year Phase 1 of the NRCC will be 
started (7). One of the aspirants is Argonne National Laboratory whith 
contains the Argonne Code Center, an EfiDA-wlde computejD< program 
exchange and information center for computer programs and systems 
developed in ERDA ijrogram areas. As that Code Center is likely to 
play an important role in one of the NRCC's principal^functions, 
program certification and transplfh, a brief summary of its functions, 
organization and activity is given as a footnote (8). 

The importance of access to NRCC by geographically distributed 
remote^users has been stressed repeatedly at each step in the evolution 
of the NRCC concept. An important, consideration has been the fact 
that no university has o^nSta^nwrtripus the largest and fas;test scientific 
computer extant. Only the federally-sponsored laboratories enjoy that 
privilege. . 

Indeed, as was revealed at a recent National Oceanic. and Atmos- 
pheric Administration (NOAA)-sponsored briefing of 'cognizant federal 
agencies by computer vendors, even the scattered federal laboratories 
may not be able to tap the potential of computer technology because 
the yendors are rto longer willing to invest large sums in research and 



•The proceedingt of that conference #lso included a comprehensive article on the 
ARPANet enrirJnwTting both the feasibility end relevance of cor^puter network-' 
ing, a descrtotion of a corresponding European effort already in operation 
.(CECAIM) or5 a list of concerns about the impact of such discipline-oriented 
cenlfers on university computer centers. ^ 
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devetopimnt for a high.rtsk market. Scientific computers 100 times 
men poMrfut,than the CDC J600 may be technologically feasible by 
1980, but a morMCoherant^^d^drganized analysis and demonstration 
of need witt be re'quired.by OfAB and the U.S. Congress before funding 
to realize that potential, wilt be made available, llrhe NRCC, and other 
slmilajr ttitoipline-oriented grassroots demonstrations of relevancy and 
need, can play an important role in bridging the credibility gap that 
now ^xjsts betvmn Cortgress and super computers. 

2.4 The Quantum Chemistry Program Exchange (QCPE) 
QCPE was created many years ago at Indiana University and was 

initially operated with sdme federal support as a minimum-level 
program exchange. QCPE became self-supporting via an NSF grant in 
the early seventies. The testing done to programs contributed to QCPE 
It minimal. Under standard (^ocedures the program is run. with author 
provided sample input at a presumably compatible computer center; 
anb QCPE staff compare the actual output with the corresponding 
author supplied sample oiitput. QCPE has hundreds of m,ember$ from 
all over the world. In addition to exchanging progragis, QCPE serves as 
a communication network via its newsletter and other publications. As 
an indication of the trend toward comp?e)^ty of programs med by 
chemists, a recent analysis of the 16 programs requested. most often 
during the first 10 months of 1976 (from the QCPE program library of 
about 300 programs) showed that they were complex major systems. 
The most popular of them is Gaussian 70 (QCPE #236) developed by 
John Pople and collaborators, a program that consists of over 13,000 
symbolic cards. ' 

2.5 journals That Support Computational Chemistry , 
Coincident with the creation of ACS's COMP, Pergamon Press 

announced "Computers and Chemistry, an International Journal". Its 
guide/to contributing authors includes the statement: 

"In general, complete programs will not be published, but 
FORTRAN or ALGOL sub-routine listings will be welcome 
to afford a clqar illustration of the algorithm." 

In addition, the ACS publication, The Journal of Chemical Documenta- 
tion, formerly the principal* vehicle for publicatiorv of articles of 
primary concern to the ACS Division of Chemical Literature, changed 
its name to the Journal of Chemical Information and Computer 
Sciences and broadened its Editorial Board to span the full range of 
computational chemistry. Simultaneously the Division of Chemical 
Literature changed its name to the Division of Chemical Infocmation in 
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an attempt to emphasize more the computer-related aspects c/f chemical 
information handling. The ACS Journal of Chemical Education has 
published over 200 articles or notices dealing with specific algorithms 
supportive to chemistry including a reference to availability of the 
supporting computer program, 

2.6 The National Science Foundation (NSF) 
• The National Science Foundation is an agent of change for science 
in the USA. Within the NSF, however, the transition from channeling 
federal support for all corpputer-based discipline-oriented enhance- 
ments through a single NSF office to working directly through the 
appropriate discipline-oriented NSF programs has moved slowly. 
Computer-based activities in the disciplines directed to problem-solving . 
and decision-making h^s moved much more rapidly. Consequently 
insufficient funding for computer-based activl-ties in chemistry is avail- 
able. An NSF anachronism (9) which continues to inhibit advances in 
Chemistry, is the continued low-financial-level activity of NSF's 
Information Science Division vyithout a concomitant thrust evolving in 
the NSF discipline-oriented programs, 

3.0 CONCLUSIONS AND RECOMMENDATIONS \ . ' 

In the process of accelerating the sharing of software and data bases, 
EDUCOM might assume several possible roles, 

• Study the C/S network as a model of inter-institutional coopera- 
tion involving government laboratories, industrial laboratories and 
higher education vis a' vis the most obvious and least sensitive 
computer-network-sharable resource, namely, published data,. 

• Expand the EDUCOM facilitating network in order to incbrpor- 
^te rhore of the on-going computer-network related chemistry, 

activity, particularly access to CAS material ^ 
* • Promote a better coupling between professional societies and 
higher education in the use of computer augmented continuing 
.education (delivery systems. 

Encourage disciplin'e'Oriented curricular revision to incorporate 
design and ajse of data bases, access to them, their linkages to and 
modula(:i*ation of computer programming; particularly given the 
growing movement to chemistry department owned and <>per- 
ated complete general purpose computer systems (10), 

• Explore the credibility gap regarding the need for larger and 
faster computer harcjware and the role of the U,S, Congress, 0MB 
and the computer vendors, ^ ' • 



220 



COMPUTER NETWORKinOG IN CHEMIStRY 219 



!^ t; Examine the rel9\^t activities of the NSF and NIE and make 

corresponding recommendations. 

• * Cooperative efforts with hi^er education ei£ithere, particularly 
. Cgiven that ihternational networking is already here, would be in 
order (10) as the USA presumably leads the world in the design/ 
hnanufacture and application 6f computer tQChnqlogy. 
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mort thw twtnty different computer syiterm have a| lome time been reviewed^ 
for inclutlon' In the Center's library. The collection currently numbers oyer 650 
packaget- 
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Engineering Software 
Coordination 

" • ' p. ^ 

1.0 INTRODUCTION « 

In recent years, the engineering profession has successfully 
integrated a new tool to facilitate analysis end design. The computer is^ 
a sophisticated tool with significant potential to aid th^ engineer in 
problem solving. It has, been successfully employed on many projects. 
Currently, however, under-utilization of computer techniques is more 
the ririe than the exception (4, 8, 20, 21). In great part, this lack of use 
is due to the engineer's slow development of computer applications. 

An engineering software community can be defined as an aggrega- 
tion of individuals, institutions, and/or industrial establishments which 
have a common interest in engineering software. Several interest areas 
within the community are well defined. Other areas of interest are 
underdefined, overlapping, or newly emerging. No attempt is made here 
to rigorously define the various eVitities in the softvvare community and 
their complex interrelationships. Rather, a fundamental model of the 
com^nunity has been constructed to demonstrate the role of the organi> 
zation within this community. 

A mo<^l of an engineering software community is illustrated in 
Figure li The entities defined in this model are users and potential 
users, program, originators, engineering professional committees, profes- 
sional computer standards committees, the computer and information 
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Figure 1. An engineering software community 



scientists (software engineers), and a software organization. Each of 
these groups has different needs. 

Software users and potential users are concerned with broadening 
the use of computer-based techniques. They are well-equipped to define 
potential areas of application, demonstrate the need for modifications 
to current computer practice, and provide valuable information derived 
from first hand experience.^ ^ * . 

Publication and distribution of ' engineering software is the prime 
concern of many program origmators. They must be informed of soft- 
ware needs, they also must be kept abreast of the latest developments 
in the computer and information sciences as these developments affect 
the production of useful programs. In addition, they must be aware of 
the activities of the professional computer standards committees with 
respect to the establishment of hardware and software standards. 

Engineering professional committees serve the engineering software 
community by formally defining needed engineering software, and by 
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determining the elements of software which have professional utility. 
These committees form a bridge between the computer professional 
and the engineering professional. For.example, the Computer Applica-, 
tions Committee of the Ge'otechnical Engineering Division of the 
American Society of Civil Engineers has published documentation and 
distribution standards for geotechnical engineering computer programs 
(7/25). 

Professional computer standards committees establish the minicnum 
current level of computer programming standards fc?r the software 
community. For example, the American National Standards Institute 
(ANSI) prepares and publishes a variety of hardware and software 
standards, such as a standard for the FORTRAN language (1,2), The 
counterpart international standards group is the International Organiza- 
tion for Standardization (ISO). This group has adopted FORTRAN 
standards which are similar to the ANSI standards (16). The standards 
set by these groups are widely accepted and can be viewed as a mini- 
mum base standard for computer language. 

The computer and information scientists (software engineers) 
contribute expertise in new computer-based techniques to the engineer- 
ing software comrtiunity. These techniques cover a variety of areas 
including numerical analysis, programming techniques, and algorithm 
verification. In addition, software engineering concepts and methodolo- 
gies are being used to assist the process of software coordination (11, 
12) by providing so f&(i/are tools and procedures that analyze programs 
for software coordination attributes. 

The functional areas discussed above currently exist in the engineer- 
ing software community. That is, engineers use and write computer 
programs, and professional engineering and computer standards 
committees are functioning. However, minimal communication among 
the various* community interests has inhibited the increase of computer 
utilization. ' . 

There have been a series of studies in the United States to investi- 
gate the desirability and feasibility of a national effort in software coor- 
dination (3, 8, 11, 12, 13, 21, 22, 27, 29). These studies have 
recommended the establishment of such a natiorfial effort, »and have 
indicated that it would be technically feasible. \ 

It is postulated that an organized engirieering software coordination 
effort will benefit the engineering profession by stimulating the use of 
computer-based techniques and facilitating the exchange and use of 
engineering software. It is further postulated that the coordination 
effort should be on a subdisciplinary basis, e.g. geotechnical engineer- 
ing. An organized disciplinary coordination effort will productively 
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channel efforts into areas of common interest and create a mechanism 
for the formal dissemination of software and related information. 

% ■ ■ , ■ 

2.0 SOFTWARE COORDINATION FUNCTIONS 

An engineering software coordination efforj could include a variety 
''of software coordination functions'relatedto specific user requirements 
and/or software attributes. The following functions are considered 
. essential: 

" • Information exchange 

• R^ew » 

• Verificationr * ^ 

• Distribution ^ ♦ ^ ^ 
, * • Enhancement ' 

• Maintenance 

• Education 

• Development ^ 
A software c/^anization would probably undertake one or XjNo of 

these functions^ during its early development. . The mature Soitwacfe 
organization will actively pursue each of the functions and exteniMhe 
scope of its investigations in each area. , 

2.1 Information Exchange 

'The most basic function of a software organization is information 
\ exchange. The software-organization coordinates information exchange 
between software originators 9nd usirs. First, an information abstract 
for each softyi^are package (program and documentation) is prepared by 
the author and maintain^ by t|;ie soft^re organization. Then, the 
abstract serves several purposes for the potential user: 

• Awareness. The existence pf a progi^and its 'documentation is 
made known. 

• >App//ca6/7/fy'. The applicabilityjr>cluding limitatioris,^ 
' ware in solving engineering problems is clearly defined. 

• Availability. The conditions of availability and administrative 
restrictions on the software's use are stated.^ 

2.2 Review 1 " • 
The review function requires that the engineering Softwafe organiza- 
tion and/or the approoriate professional committers review software 
and associated documentation: Isjfhi? review process, which foSters 
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interactFOn within the software community, engineering software 
organiziBitions and professional eftgineering committees must consider 
the following attributes: 

• Capab/y/fy.. The algorithms utilized by the program must be 
appropriate for the jaroblem which the program solves. 

• Completeness. The program must fully reflect the problem area. 
) ■ Documentation must completely describe . the algorithms used. 

Documentation must be available for each stage of program 
development. ...^^ 

Cfedibility, The ability of a program to perform as advertised 
must be established. Establishing credibility incljjdes verifying 
that the code correctly translates the algorithms, " 

• Proof. A mathematical argument sometimes can be developed to 
• demonstrate thit a program will perform a defined function. 

Within the .criteria of proof, a program must execute correctly 
(6, 10)/ Program proof can be either formal or informal. Engi-' 
^ neering software is not generally amenable to formal proofs. It is 
necessary, however, that software be quality assured, by empirical 
tes^ting, to provide a high level of confidence in the integrity of 
the software. ' 

• Reliability, The (^ree of' stability demonstrated by a progVam 
over a long period of time. A reliable program will function 
properly for a long time (9, 31). 

• Usability, Software must be easy to use. This implies conditions 
for both^he program; and its documentation., input/output must 
be simple abd straight forward. The program must be fully docu- 
mented both internally and externally. 

• Intended Use The extent art|j content of software documentation 
is (Jependent'on the intended use of the software. Documentation 
requirements may be minimal for a program written by the 
person who is its exclusive user. At the other extreme, documen- 
tation must be extensive for software developed for a general user 
community with access to a variety of computers. 

• Established Need, Software must fill a well-defined and stated 
engineer's need. - 

Initially, the review process would be performed exclusively by 
engineers within the subdiscipline of the software/ However, the mature 
engfneering software organization would add^ software engineering 
dimensions to th^ review process. In an advanced stage of revjew, the 
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software orqanization or its cOnsultante would apply a set of software 
tools (24) to each pfoflram to analyze each of the attributes mentioned 
" above. , 

2.3 Verification . 

Proaram verification (quality assurance) is the most 'mportant . 
funct^n of a software organization Through this function, the user 6f 
a software package can be assured of the integrity of the prograrr, and 
documentation, and of i^ applicability to a given engmeermg prob em 

The verification fyi^ction is an advano^d review procedure. Venf ica- 
nion of a software pickagfe by an engineering sofware organization 
would indicate that the program and documentation have fully ^ttained 
all the attributes defirted under "Review," . ^ ^ 

The verification ptes must be complex and lerigthy. -An engineer- 
ing software organization must establish stringent rules for the venf ica- 
tion function. Certification would have to have legal standing and 
absolute professional credibility. 

2.4 Distribution . * ' ' < . 

The distributidn function, urtlike the previously described functions, 
requires that the engineering software organization mainWin a-program 
library and have access to a hardware resource. In addition, the.soft- 
ware organization must have software and programming experts who , 
will mai?Ln the fibrary programs in a form readily '•"P'^'TiSribu 
a variety of^nputer systems. There.are two attributes to the distribu- 
tion function: ^ , f 

. Disssmmation. A mechanism must exist for the software organi- 
zation to accept the program and related publibations, store th^ 
software package and distribute it to users. This mechanism 
should be clearly defined and^maintained (7. 17. 29)-. 

' • Implementation. A distributed program is most use^urwhen it is 
readily implementable on a specific target machine and operati.?g 
system Since the software organization cannot be expected to- 
^' have direct access to all hardware types aa$i operating systems^ 
. achieving this capability implies that a means exists or can be 
found to make programs portable. 

2.5 Eniiancemeht 

The engineering software organization ought to maintain an act|ve 
computer science staff to improve library programs. P^°9^T J^^' 
ment would include modification of ah inQoming 
liaptable. portable, and consistent in style. Continuing m|(5dif ication m 
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4 response to Mser needs would also be accomplished by the program 
enhancement staff. * 

• Adaptiabifity, Programs and documentation should be constructed 
so that adaptation to suit a user's needs can be accomplished with 
a minimum of larrogramming effort (11, 23). / 

• 'FortabiihY' program made available to a user mus^ be 
constructed sb that the code can be moved from machine to 
machijie with a minimum of programming ^effort. Program porta- 

. bility should be thoroughly documented (5, 23), and should 
address five distinct aspects: the portability of the source 
language syntax and semantics (I.e., FORTRAN, COBDL, etc.); 
the portability of arithmetic operations (i.e., precision); the 
portability of the operating system commands necessary to 
\ Invoke information flow within the system (i.e., the^b control 
? language); the. portability of.the run-time opieratlohs ujed in an 
operation (i.e., th^ system routines used by an application 
program); the portability of the data files which the application 
program read^ exercises, and updates. 

• Styh. Program and documentation style is continually subject to 
review and modification (.1,8, 19/32). 

• Mbdification, Any program of significance and the associated 
documentation will require^mpdification during its life. Modifica- 
tion generally involves improvement of prograrp ^pabiiities, 
completeness of documentation, algorithmic changes, or 
increasing code efficiency. , 

2.6 IVIamtenance; ' ' 

To fulfill the maintenance function Jhe software organization must 
notify software users of 'changes in a program or its docyrrt^ntatipn. 
Initially, the organization will simply act as an intermediary^'between 
authors vy^TtTmaintain their programs and^'the program's users. At a 
mature st^e of development, many of the software changes will occur 
within the software organization. Two types of maintenance can be 
defined. ^ 

• External. External maintenance consists of checking errors and/or 
enhancemen:ts in the capabilities, algorithms, and code which 
originate within the user immunity. Valid errors are fixed and 
the program changes are reporteid to the user community. 

f,,*lntBmaL Internal rpaintenance consists of implementing and 
reporting program lod/or documentation changes which result 
^ ' Yrom the enhancement process. The maintenaoce originates 
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within the software orgaaization and is reported to the user 
community. 

21 Education 

There are two attributes to the education function: 

• Consultation. A mechanism should exist which permits a user to 
rf^ive adequate, decisive advice on the use and operation of a 
(kgram. Ideattyi the user should be able to communicate with 
tne software organization by telephone »uslng his own language, 

• ihstruction. The software organization should provide materials 
Mnd an ecJucationaf opportunity for all interested parties from 
tjliovice user to expert. Special texts, printed/materials, ^nd short - 
%ou,rses, should be utilized in this effort. 

Development r 

, natural process in the evolution of a software coordination effort 
will be the development of hew software. There ar^ two attributes to 
this function: ^ -r:* 

<j - Engineering softwye. A coordinating organization will be in an 
> excellent positiort^o develop needed programs, or to dd****^ areas 
of needed development. 

• Software aids. The (ieasibility of performance of the'coordination 
functions described above willjlepend upon the availability and 
usability of a variety of softv#Fe aids (14, 24, 30). The tasks of 
coordination, ^if perforrned by human labor alone, would be 
inordinately time-consuming, cosjly, an^ subject to substantial 
potential error. Thus an automated p(j^edure, as free of human 
labor as possible; is required^ Software which analyzes software 

-can fulfill this objective. The recursive nature of s^'ftvttare permits 
a software aid to automatically test the permutations and combi- 
nations inherent in tested programs with speeds and accuracy 
which are beyond human capabilities. 
Thus a vital function of spftware coordination is the development of 
new, and the adaptation of existing, software tools whjch have utility 
In the cdbrdination process. 

i\ is essential that software development be controllecJ by individuals 
witfn disciplinary engineering expertise/ Furthermore, the process of 
sof^are development must be perforrned in the context of the coord- 
inati^on functions described abov^. > 

i 230 



^ ENGINEEF^NG SOFTWARE COOrtDjiy/ATION 229 



^ STRUCTURE OF AN ENGINEERING 
SOFTWARE ORGANIZATION 



.An •ngineering software coordination effort requires an extr^ordln- * 
ary amoimt of interaction between the engineering subdi$ciptir\e 
ifivdved and the ioftware interests of the community. The complexities 
inyoived dictate .that the scope of software being coordinated should be 
tifiiited to spedfic engineering subdisclplines (8, 29),1n addition, the 
software organization should be nationally or regionally based. This^ 
structure will permit easy communication and allow the software-, 
organization to operate efficiently with regard for the differetices In 
software and engineering prpctice. 

However, the facilities which comprise a software coordination 
effort could be organ Iziad in lever^ ways. If organized on a disciplinary 
bakis, each facility would represent a particular, professionally identi^ 
flable aspect of engineering. For exanriple, the software organization 
Could be specific to structuraF engineering, geotechnical engineering, 
earthquake engineering, etc., as ^relatively unique branches of civil ' 
engineering. If organized on the basis of hardware, each facility would 
maintain softwai^e implementable on the hardware of a particular 
manufacturer.*On a geographical basis each facility would be located in 
a particular part of the natibn orregion serv^ by the overall organiza- 
tion. Finally, if organized on a functional basis, each facility would 
perform one of the functional tasRs. For example, one facility might 
distribute information while another might perform software 
maintenance. 

To be sujccessful, a software coordi^^at^^n effort must interact 
closely with the •engineering profession, it serves. A passive software 
library effort, even though it may use the most sophisticated tools of 
the computer sciences, wHI have a minor influence on the engineering 
professions if it lacks professional erigmWing identification (3, 28). 
On the other hand an exclusively engineering organization will not be 
able to provide its community of users with the software engineering 
expertise required to properly and efficiently coordinate engineering 
. software. 

Interdisciplinary ectivitles within the engineering professions, and 
between computer scientists and engineers are desirable. They are only 
feasible, however, when such interaction^ contribute to their respective 
professions, and when these qontributions are mutuaHy desired and 
accepted. Developments m network technology could be helpful in 
promoting interdisciplinary aspecu of engineering software coordina- 
tion (15, 26). Networks could provide message switching capabilities 
which would: enhance comAiunication. The use of distributed data 
bases, and on-line access to a variety of hardware configurations, and 
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pronm llbwriet. could relieve many of th« probfenw a»ociated with 
«l8Pt«b1litv. In addition tha linking of disciplmarv 
canters, via a.network. could enhance interdisciplinary cooperation, 
ttetworfcing would also provide for efficiencies by removing duphC* 
tlons of effort in those areas vxhich are common to twojrmore_^ 
enflhKjering subdlsclpllnes. -^>'-'^Z 

4.0 FINANCIAL ASPECTS OF 

SOFTWARE COORDINATION ' 

Engineering software coordlnBtion involves two fundamental finari- 
clal questions. How much will It cdSt to operate a coordination organi- 
zation? How will the costs be paid? \ , . « ^ 

Operational costs of an engineering software coordination effort are 
dependent on several .factbrs. First, the costs will be directly propor- 
tlo7ai to the number of coordination functions ohdertaken and tottie 
extent to. which the organization engages In each' function. Other 
factors related to the cost of operation are the size of Bie user base, the 
number of software Items belrtg.cOoTdinated, and the technology avail- 
able for software coordination. An exciusively labor intensive effort 
will be significantly more expensive than an-effort which relies heavily 

on software aids. . . „■ „ 

There are two wridely divergent views concerning the fmancing.of an o 
engineering software effort. The first view holds that since the engineer^ 
ino profession Wneflts from software coordination, the profession 
should bear iU cost (27). The other view holds.that software coordina- 
tion enhances national productivity, and therefore it is a valid activiw 
for government sponsorship. Proponents of this view ar»je that since 
most engineering software is developed in the course government 
sponsored research, the government has a continuing responsibility to 
promote its use by supporting coordination (3). " 

iWiitionally. software coordination has been an add-on cost to 
development Thus, at this time, costs associated «rlth so^a^ coordi- 
nation are a significant percentage of the expenditure fpr development^ 
in addition. Coordination costs are often more visible than the cost^t 
development, which is often buried as a small percentage of a la^r 
project. This real, or apparent. Imbalance is a transiency. Assoftwarejs 
developed with a view to coordination, the activities^ and «ius _the 
costs, fequlred to bring the software to a state amenaWe to <^o;;d.na- 
. tioh will be significantly reduced. In addition, costs will be reduced as 
the coordination prbcess evolves from reliance on labor to reliance on 
machine procedures. • 
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; Pmte.kHlivMual vtawi on the kleal method of financlng/evidence 
;Jo 4lt9 IndicatM;, that enginaering software coordination cannot be 
totally supportad by engineering users. This situation will exist un^til the 
volume of computer use increases to a point that the cosu of coordina- 
tion can be recovered. 

5.0 THE GEOTECHNICAL ENGINEERING 

SO^^TWARE ACTIVITY 
' The Geotechnical Engineering Software Activity (GESA) was estab- 
lished at the University of Colorado Computing Center on January 1,) 
1975. . GESA is a voluntary, nonprofit, pilot program to test the 
operational feasibility of software coordination within the geotechnical 
engineering community. GESA^ established to test the hypothesis, 
stflted prevfously, that professfonelly based software could be success* 
fully coordinated by a joint -effort of engineering and computing 
professionals operating within a computing environment^ . 

GESA develops, collects, enhances, distributes, wd - maintains 
computer loftware items which have professional utility. Internally 
developed software is maintained in a machine ixldependent and adap^t 
able form and distributed at the cost of rcbroduction. Software 
contributed td GESA is reviewed and enhanced. TlVp enhanced software 
may be returned to the contributor or rnainteinep and distributed bv 
GESA. ^ \ 

GESA has undertaken most of the coordination functions of an 
engineering software organicatiion which were discussed above. Briefly, 
these functions are: information provision, review, enhancement, distri- 
bution, maintenance and development. Information is provided to 
potential users in, the form of detailed abstracts of all the software and , 
documentation in the GESA library. Review is performed by 'a 
combination of examinations *by experienced geotechnical engineers 
and the application of software tools developed by Computer scientists. 
For example, software is used to analyze^andjdate programs for the 
adequacy of the accompanying test data (14)i If the analysis Indicates 
that the test problems incompletely exercise the code, the GESA geo- ' 
technical engineering staff and the author collaborate to develop 
complete test data. Distribution is accomplished by supplying card 
decks, magnetic upds, or perforated paper tape according to the 
standards established by the Committee on Computer Applications,* 
Geo'technicar Engineering Division, ASCE (7). Enhancement is accom- 
plished by creating an adaptable, portable, and stylized program. 
Adapubifity is 'provided by manually separating the input, output, 
algorithms, and data structure of the program. In ladditioh, a main 
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vnrcxnm i» used as an executive to call subroutines wfthin the structure 
SS^^^/lSTmodularization provides facile «iaptability to a user s 
SISTaII orograms are checKed for machine dependencies. Software 
SS,ru2?fJ^ntify and convert non-ANSI 

«24 30) Non-portable constructs outside the ANSt subset 

STTf^ini' b^call ^and examination.>l«:hine dependencies are 
eLS TrepL^i with parallel machine dependent. code. I««^ine 
rf«22d«.t code is clearly commented for machine or operatrng systems 
iJiSElltJ P,2i.m and documentation style are checked and 

'^•Slna':^'^ 6ESA in concert with the author for 

pr<SrSi3butJ!; by GESA. Programs distributed by the.r authors 
^r GESA enhancement are maintained by the authors 

GE^ program development has been primarily in the areas of 
con^Mation^and settlement. Some analytical software tools have been 
adapted and modified for GESA use (14, 24, 30). . rka 
An analysis of the cosU associated with eighteen months of GESA 
operation indicates that the coordination functions can be tl.v,ded mto 
fixed and variable cost areas. ^ 

Aooroxlmately 40 percent of the total operational cost .s overhead 
revinTy ? vided Stween fixed and flexible costs, f ^xed overhejd 
that IS evemy ^ ..ndBrtake the coord nation effort like 

U^^Jrmation exchange, distribution, "laintenan.*. and education «.ll 
increase with the size of the coordination effort. However, 
economy of scale is smaU. ^. ' , „ 

The remaining com associated with the ^^SA "ordma ion ^^^^^^^ 
.r. variable and can be divided into two categories. Software review, 
V Son. .nhan«ment, and development comprise approx imatj^y 
L^cenJof the budget. Preparation of documentation comprises the 
fna^M wrclnt of the budfl^^^ and documentation cjosts are 

dSy li;:! to th": number of programs^jhi^ Involved 

in the coordination effort. . ■ i... *.,r*har 

Careful examination of the information above 'ndicate. that further 
incS«»» n"he GESA budget will significantly increase the productiv- 
rrt^e coordrnation "Effort. Assuming overhead cost, remain 
rltively rtatic. it is estimated that a 50% budget increase will approxi- 
matelv double productivity. 
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Appropriate lelf docurnenting software for engmearing software would 
aigniflcantly increase productivity. 

The use of software tools is critical to the process of coordination. 
In addition to increasing productivity by reducing the time of process- 
ina« there are functions such as verification which cannot be accorrv 
plished without ioftware aids. The use |of these aids provides a 
substantial inp^ase in the overall quality of geotechnical (engineering 
software. 

-6.0 Conclusion 

An objective of engineering software coordination is to raise the 
level of software preparation and testing in the engineering professions, 
the accomplishment of this objective will permit users to economically 
secure and implement quality programs. It wilt also provide authors 
with the tools necessary to produce quality programs. The production 
and use of quality software. In turn; will facilitate the solution to the 
myriad problems associated with verification and certification of 
engineering software. This will increase the use of computer-based 
techniques, and thus, the quality, of engineering. 
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Chapter 26 
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Aspects of Software 
Dissemination in 
' Chemical Bngineering 



1.0 INTRODUCTION 

r 

This paper describes experiences in using computer networks for 
coursewor(c in chemical engineering and in developing new system^ for 
usage by the chemical engineering profession. It is intended to provide 
background information for a discussion to consider methods for 
accelerating the sharing of software and data, bases. 

2.0 COMPUTER NETWORKS FOR COURSEWORK 

To the author's knpwledge, the use of computer networks In chemi- 
cal engineering courses has been coordinated solely by the CACHE 
Corporation. 

2.1 CACHE Structure 

CACHE, Computer Aids for Chemical Engineering Education, is a 
non-profit corporation whose Board of Trustees Is comprised of twenty 
professors. CACHE has representatives at approximately 150 univer- 
lltiei In the United States and Canada. Its, goal \%io accelerate and coor^ 
dinate the introduction of digital computati^ into chemical ehgi- 
Hearing education. 

CACHE was originally organized in 1969 as a committee within the 
National Academy of Engineering. In 1971/ the commuter received 
Funding from the National Science Foundatlon^ilO). 9y 1975, the last 
. year of NSF support, CACHE had reached a selip-supportlng basis, and 
the noil-prof It CACHE Corporation was established. 
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2.2 ^rge-Sca(e Systems Task Force 

The Large-Scale Systems Task Force, one of several CACHE task 
forces/ began its work in 1971. Its objective was to find a mechanism 
for chemical engineering departments to share large-scale programs and 
data bases for simulation and design of chemical processes. During 1971 
the groups developed plans for on-going activities^ 

2.3 CACHE Guidelines for Large-Scale Computer Programs 
In 1972, the task force prepared "CACHE Guidelines for Large* 

Scale Computer Prdgrams" (1). These guidelines were intended to help 
in the evaluation and selection of potential programs. The first section 
of the report considers desirable features of large-scale programs and 
offers guidelines concerning execution cost, data input (free format), 
program butput (annotated) and error messages. A second section 
considers program standards which are to follow "CACHE Standards 
for FORTRAN Computer Programs (2)" (prepared in 1971) with 
exceptions such as: 1) Programs may exceed 32K words; 2) Mixed- 
mode expressions are permissible; 3) Magnitudes of constants are not 
restricted, etc. The earlier standards were prepared. for distribution of 
small FORTRAN programs (approximately 1-500 /statemer>ts) to be 
run on many computers. The 1972 guidelines were to apply to Targe- 
scale programs (e.g., 30,000 statements) to be run on a single network 
computer. 

Aidditional section^ provided for evaluation of documentation, for 
program installation and maintenance, for providing consulting services, 
and for review of programs when determining their applicability for 
coursework. t 

As the "Guidelines for^arge-Scale Computer Programs" were being 
completed and evaluation of potentijal programs began in early 1973, 
the task force turned its attention to a search for comrr^nication 
networks. 

2.4, Search for Communf^ion Network^ 

'Four networks were considered: ARPANET, INFONET, 
CYBERNET and United Computing Systems (DCS).' CACHE represen- 
tatives were repeatedly discouraged in attempts to arrange for usage of 
ARPANET by students from 3040 schools. In 1973 ARPANET was, 
still in its early stages of development, and network administrators were 
more concerned with the problems oi interconnecting computers for 
research. After carefully examining INFONET, CACHE rejected it 
when the task force, learned that FLOWTRAN (the most promising 
program) could not easily be installed on UN I VAC computers. Both 
CYBERNET and UCSwere evaluated in detail. 

f 
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To aid in the selection of computer networks/ the task force pre- , 
pariKJ "CACHE Guidelines for Computer Networks (3)" in 1973. 

. ' 2.4 CACHE Guidelines for Computer Networks 

The CACHE guidelines concentrate on the host computers and 
communication networks. In a first section, authors considered desir- 
able features for host computers: 1) simple sisin-on procedure;^ 2) reli- 
abte accounting system; 3) remote job entry for^ communication with 
typewrite^ terminals; 4) printing and mailing sefyice; 5) availability of 
systems programmers for system maintenance; 6) well-documented' 
literature; .7) costs comparable to university computers; and 8) a 
history of reliable performance. 

The secohd section of the guidelines considers desirable features for 
cbmmuhlcation networks, such as: 1) 300 bits per second transmission 
speed for typewriter terminals; 2K200b bps transmission speed for card 
reader-line printer termfrxals; 3) cosit less than standard telephone rates; 
4) access without typing-ki a computer; and 5) a local phone call for at 
least' 30 chemical engineering departments who expressed interest in 
us}ng a p/odp-ism'. 

It should be mentioned that these guidelines were prepared to help 
the task force locate a computer network suitable to house a lar^^scale, 
batch program for computer-aided design, such as FLOWTRAN. 

2.5 Monsanto Grant 

In the Fall of 1973, 'Monsanto Company arranged to make 
FLOWTRAN available for chemical engineering courses. FLOWTRAN 
(FLOWsheet TRANslator) is a computer system for simulation of 
chemical processes in.the early stages of process design. The Monsanto 
grant included: maintenance of the program on a single computer by 
Dr. Allen C. Pauls, and 7,000 dollars to aid in providing user services 
covering secretarial assistance, telephone costs, computing fees, prepara- 
tion of text materials, and organization of a user group. 

ThetaJk force welcomed this jrant, as FLOWTRAN was judged to 
be the m^t satisfactory program in meeting the "CACHE Guidelines 
fof La>g^Scale Computer Programs/' It had been used previously by 
engineers at approximately 70 chemical companies. 

f 

2.51 FLOWTRAN Simulation - An Introduction 

Inr Xhe Spring of 19^4, Monsanto conducted a three-day workshop 
for the CACHE Task Force to teach the basics of FLOWTRAN. Task 
force members concluded that the Monsanto User M'anual was poorly 
orgahlzed for student use and launched a project to prepare text 
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material to intrdduce^omputor-aided design concepts in the chemical 
•ngineenng curriculum. Professor J. D. Seader and W. D. Selder teamed 
with Dr, Pauls.to wrjte FLOWTRAN Siwulation - An Introduction (9), 
which was completed in August, t974, printed in Ann Arbor, Michigan 
and' distributed by Uirich's Boole Store. Over 1,300 copies have been 
distributed in tvvo years. 

2.52 Selection of United Corifiputing Systems (lies) 

In mid'1974, the CACHE task force decided to install FLOWTRAN 
on UCS. Because UCS was available to more chemical engineering 
'departments for the cost of a lodal phone call, it was the logical choice. 
UCS offers a CDC 6600 system with back-up computers. It also pro- 
vtdes 300 bps communications /n over 100 cities for the cost of a local 
phone call, and 2000 baud coiVimunications across the United States 
using a toll-free number (800-&21-7660). Charges for use are $15.00- 
and $10.00 per connect hour, irespectively, computation costs that are 
rougbly comparable to ujiiverslty computer centers. However, they are 
not directly comparable due to a complex charging algorithm involving 
CPU time, memory used and'/channel time. UCS agreed to yyafve'the 
charges for storing FLOWTRAN ($660 per month), if CACHE spent 
$15,000 per year, and to charge only $3,000 for storage in the event of 
zero utilization. In addition, UCS has a mail service that permits users 
to submit card decks and receive printed output by mall. 

2.53 CACHE Use of F LOWTR AN on UCS 

In the Fall of 1974; to assist new FLOWTRAN users. Prof. R. R. 
Hughes prepared CACHE Use of FLOWTRAN on UCS (7). This docu.- 
ment shows UQS procedures for exec^uting the programs' in 
FLOWTRAN Simulation —. An Introduction (9) and describes proce- 
dures for entering FLOWTRAN programs' using typewriter terminals 
.and scanning files to retrieve selected portions of lengthy output files. 
It is an 1rfft>ortant manual that concentrates most of the informatfon 
concerning UCS, required by FLOWTRAN users, in a single document. 
Jhe CACHE task force on network use concluded that such a docu- 
ment is a requirement for any computer network to be well used by 
professors and students. 

• V 

2.54 Workshops*and User Groups 

The task force decided to require professors to attend a four day 
workshop ta learn approaches to in|roducing computer-aided design 
methods in courses, and keeping costs reasonable. By late 1976, four 
^ workshops have been held, attended by 79 professors. ^ 
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. AJIser Grou^ (5), co-chaired by Profs. J. Peter Clark and Jude T. 
Summerfeld,""rrt^ts bjannually. Activiti^ of the User Group jnclude 
publication of "FLOWTRAN News" three times yearly, preparation of 
a book of problems and solutions, an Ihstructors's Manual, and organi- 
zation of techmcal sessions at AlChE (American Institute of Chemical 
Engineers) meiolings. 

2.55 Consulting Networks 

The llser Group has organized a consulting network to, in^as much 
as possible, insulate Dr. Pauls from simple questions concerning 
FLOWTRAN. Six professors who cover six different sections of the 
country serve as first contacts for other professors who have questions. 
The organization is: 



Section . 

Northeast 

Mid- Atlantic 

Soifiheast 

Great Lakes 

Midwest 

West 



Consurtant ^ 
W.D. Seider 
J.P^CIark 
IT, Sommerfeld 
R.S.K Mah 
R;R. Hughes 
J.D. Seader 



School 

Pennsylvania 
Virginia Poly. 
Georgia Tech. 
Northwestern 
Wisconsin 
Utah 



When these consultants catvnot answer a question, they contact Dr. 
Pauls. Fortunately, FLOWTRAN runs reliably, UCS is extremely reli- 
able, and the documentinion prepared by CACHE answers many- ques- 
•tiohs. As a result, the consuftants receive very feW-^lls. 

2.56 Use of FLOWTRAN through CACHE 

Usage figures are given in Figures 1-3. Figures 1 and 2 show detailed 
school-by-school utilization in 1974'^5 and 1975-76. This information 
has been summarized in Figure 3. It is interesting to note that average 
expenditure per school ($780) and average cost per student ($39) 
J^eld constant over the first two years. In 1976-77, CACHE Trustees' 
project that 35 schools (out of a possible 125) and 700 students (out of 
a possible 3,000) will use FLOWTRAN. The rate of growth of use 
should increase as the cost of communications decreases and univer- 
sities become accustomed to utilizing programs on external computers. 

2.57 Experience wjth UCS 

UCS service has been ouutandlng. It is availabj^ around/the clock. In 
addition, sates personnel in many cities have beep helpful in providing 
infornrj^tion for new users. 
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Disadvantages are |hat connect • chalges -are^' very h^gh and the 
accounting system, is no\ sufficiently Automated. Currently, user 
schools^ specify tile ma>^ifn6m dollars to be spent and UCS is respon- 
sible for invalidating ah account when funds have been expendeb. 
However, this procedure is not automated add it i« possible for a 
school to exceed its allocation before UCS discovers the situation^ 
Although UCS does not hold the schools liabte for oyerexp.ertditures, 
.and the schools agree to mpnitor usage^carefUlly, embarassing situations 

i_ ' ■ ' ■ ' • * ' 

have arisen. 



2,6 New Programs 

In .1975, the CACHE task force turned its attention to installation 
of new programs. One progVam of particular interest that models for 
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FIGURE 3. Summary of FLOWTRAN Usage 1974-76 
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automatic synthesis of separation flowsheets, was develclped by Roger 
.Thompson, a graduate student at the UniversitV of California, Berkeley. 

In Novertiber 1976,4he task force is negotiating with companies to 
develop a university version that will accompany a proprietary indus- 
trial version. The CACHE Trustees believe that it is advisable to work 
with programs that are well-maintained for^usage in industry and appro- 
priate fcir instruction in chemical engineering. They conclude that only 
well-maintained programs can be u*sed successfuity in. course worfc and 
that usag^'by industry assures good maintenance. 

3.0 NEW COMPUTING SYSTEIVIS 

Professor Warren D. Seider and Lawrence B. Evans are coordinating 
a new Energy Re^arch an3 Development Agency rd^arch project 
entitled "Computer Aided Industrial Process Desfgn." The project is 
centered at the MIT Ener^* L abo r atory and Chemical Engineering 
Department under t^e direction of Prof. Evans, with a subcontract at 
the University of Pennsylvania under the direction of Prof. Seider. It 
began in June 1976 and is scheduled for three years with .funding pro- 
jected at 3.3 million dollars. /""^ • — — 

The goal of the project \i X6 develop an advanced computing system 
for process engineering. The system will be used for analysis of fossil 
energy conversion processes and energy conservation in industrial 
processes. The tools developed by the project will be used by process 
engineers in the chemical industry, at universities and working for the 
government. * • 
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3.1 Problems with Existing Systems 

There are several problems with existing systems, three of which are 
considered here: 

^ IJwy are not publicly available. Even in those cases where sys- 
tems havi been marketed successfully using service bureaus an(l 
computer networks, their utility is limited because portions of 
the source code are not provided for examination and alteration 
by the engineer or installation on an in-house cocnputer. 

• The systems are large, self contained, and son^ewhat cumbersome, 
^tt is dlffl|^tt to extract portions of the systems, modify them, 

and tailor them to specific applications. Large systems for com- 
puter-aided design are often too extensive to be executed on 
small computers and not sufficiently modular to permit decom- 
position into subsystem^ that can be executed independently, 

• Lack of integration. Most of today's systems were developed 
independently. The net result is that programs for process simu- 
lation, equipment design, and economic evaluation often dot^ot 
share common data. Often they do not use the same program 
modules fqr estimation of physical properties, ThTs is usually the 
by-product of insufficient modularity and does not promote 
program-sharing and integration. ' 

3.2 ChaHenJ[fe / 

The challenge in developing a next generation system is to create a 
framework that permits: easy insertion of program modules into large 
systems, and data records into data bases, on network ^ojliputers; and 
utilization of program modules and data records on^hOini-computers, 
» Three recent papers discuss system structures with emphasis on data 
structure and programming language (6, 8, 10). Sep^}ise space does not 
permit a technical discussion of these aspects of system design, inter- 
ested reafli^should consult these papers, 

The^'^esults of experiments thus^far are encouraging, and indicate 
that it will be possible to develop a framework that meets the challenge 
above. With this in mind, consider some of the practical aspects of 
disseminating program modules (and systems) and data records (andjhe 
bases). 

X3 Center for Process Industry Computing 

Probably the best mechanfsm for accomplishing a dissemination, 
mission is to concentrate a staff in a "Center for Process Industry 
CofWputfng." The existence of sgch a center is assumed in the next 
sections. 1 
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331 Standards 

Jo facilitate easy disserhinatjon, standards for program modules an^ 
data records Vvill be developed utilizing existing standards as giifdetines 
For program modules, standards will include/for each programming, 
language^ r)estrictions to perrhit easy transfer of programs amono/^m- , 
putere. Documentation requirements will also be specified and will in- 
dude descrtq^ons of: 1) data to be supplied; 2) algorithms/ifnple-" 
nrwnted; 3) assumptions; 4) linkages to subordinate modules; sf results 
to.be printed; 6)' execution times;?) memory size; and 8) interpretation 
of error messages. 

Standards for data recordi will specify data formats to^permit easy 
^transfer of data among computers. Documentation will include descrip- 
tions of: data source, range of applicability (e.g., temperature j^nd pres-< 
sure'^ranges), and error estimates. 

3.32 Dissemfnatton Vehicles ' 

Two dissemination vehicles are envisioned: the n>ails for small 
collections of dat£i records and program modules, as well as data bases 
. and problem-oriented languages; and communicatibn networks for 
access to these resources on distant computers. / 

Because problem-oriented languages and information retrieval sysv 
terns contain extensive word-processing programs for translation, they 
are not easily transported. These systems are often accessed using com- 
munication networks. Hovvever, component parts, such as program 
modules and data records should be more easily transported. 

3.33 User Services ' 

The provision of u^er services is especially important due to wide- 
spread geographical distributiorr of users. The nriix of services should 
include person to person service^, on-line automated seVvices; and 
printed materials (4). Workshops and individual consulting will be 
paVticularly important' to assist persons in inclustries where modeling 
technologies are not commpniy used. The center's staff should work 
, through vendors, industrial associations, consultants, and soo^, as well 
as directly wrth users. Technical persons should service users and sup- 
pliers of data and programs, match system resources to yser needs, 
provide system maintenance, and develop new systems 

3.34 Financing the Dissemination Operation 

Founders need to develop^ an ongoing mechanism for financing the 
dissemination operation such as a compensation-fpr-services structure 
f^and guidelines for setting usage fees and providing royalties to suppliers 
* of data and progranis. " 
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rerview: Administering 
^iMiiput^i: Networks 



1^ In l^rt V, papers explore the ways in which computer networks 
been used to advantage by univel-sity Computing centers °to 
'^pease the dwrsity, richness, and quantity 6f services that are made 
^IwaWable to the user community. Problems addressed include ofganiza- 
ti«, management/ comrol, user services, economics/ privacy and 
^rity, and the- buyer-seller interface. These problems must be 
;Wiought through and resolved before network cah be an^effective means 
for thin exchange of computer resources. 

Papers have been contributed by representatives of four different 
types of successful networking activities that have achieved substantial 
success In resource sharing/To represent single server cooperation/the 
Harvard-MIT Experience is described; for multi-server cooperation, the 
ARPANET Experience; for private regional cooperation, the Dart- 
mouth NERComP Experience; and for public regional cooperation, the 
State network experience of the Illinois Educational Consortium. Thete^ 
papers describe the ways in which various problems of cooperation 
were addressed and resolved and the' success and potential for each 
partiCi *ar type of network/ . ' 




Chapter 27 



by Thomas E. Byrne 




jfafe Regional Cooperation: 
iiliatrtniouth-NERComP^ 
ience ^ 



p^bARTMOUTH'S COMMITMENT TO > 
^^GIONAL COMPUTING 

ll^ nMriy tvm Darthmouth College has maintained a high 

"^-?f :*P*T?i^ltfnent to the oondspt of regional cooperation in com- 
Flfft, as a member of the steering committee of the New 
I Regional Computing Center (prodecessor of NERComP) and as 
ff MJ.T, computers from 1957 through the early 60'$; then, as a 
pwnder of computing services to regional colleges and secondary 
jd^poh under a succession of NSF grants (1967-1972); and Independ- 
^y^ from 1971 to the present, through the Darthmouth Educational 
m^t^^aring Network and'^he NSF supported NERCoipP network. 
pMral factors motivated Darthmouth to participate m these regional 

In the early days, as one of the majority of "have not" institutions, 
1^ needs for computing resources were met by NERCC's offering at 

11^^964, with the support and encouragement of the Federal 
mwpment through the National Science Foundation, easy-to-use, 
|ln4^ time sharing, with the simplified BASIC language, was 

IjilllDped at Dartmouth. It is no secret that vcomputer scientists at 
believed, \¥tth missionary zeai, that this approach offered 
means of integrating computing into the college curriculum! 
> public fund^ were instrumental In the development of BASIC and 
l^^^fing, coll«&e representatives felt thiat they should mak6 these 
^ Widely available. Dartmouth computer center staff -were also 
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.otWatsd to share ^^o.o..^X:;^Z^''S^^^ 
others at^ the college throughout the 200-vear n.story 

College. ' ^ ^. ^ \. fBri#<f^'^rncnent guaranteed the early 

ar,d its products as a Result of P'J^' ^ ^^^^^^ enrichmer,t. 

were two kmds ^^ZtTooyu Z^e^^^^^^^^ 
Programs developed by ^^9'°"^' "'\'^*i^%„,ed to meet the r,eeds o1 
3r,d d-umentat,on was d ^^^^^^^^^^ ^^^^.^^^ ^.^ 

r;£«daLssibi.lty and reliability oH^^^ ^ ^ 

. There wa.- also ^'"'"^'''^Z^^^^^^^^ remote user 

Kiewit Computation Center to ^J^^stafM" '7^^! ^vhicl 

TTe ;:nr; o/ cXtt, J Dartmouth and benefited all of th 
members of Dartmouth's community of users. 

2 0 THE DARTMOUTH-NERComp RELATIONSHIP 

example, nearly 85 percent "^^^'^J^f^^n ^ %h^ corporatio, 
supplied by Dartmouth, and °onol^ 
accumulated indebtedness .s to ^^^^Tn^^^^^^ and t 

: the parallel development of ^^^^ ^^^^s bo Sve reaiiz 

NERComP network points out the mutual successes ooxn . 

o^r co5e5,s in-.h, BoslOn .-.a continued ,o us. thoss se,.,c.s 
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;H \1967« the f«rderal Qovemment supported the estabtishmept of 

. In 199frto, Tom Kurtz, then Director of the Kiewit Center at 
Dtrtmoutf), was a memlMr of the NERComP steering committee, which 
at jthat time was "considiBring incorporatioj;)." Meanwhile, Dartmouth, 
'^^rough the National Science Foundation financed regional networic, 
* vvai, already providing tinrw^haring services to 2,000 students at 11 
IcoHeges throughout New England. 

By 1970-71, NERComP sen/ed nine universities in the Boston area 
over three dedicated Dartmouth "ports.!* These NERComP members 
used" 800 terminal hours during that fiscal year. Th^ same year, 
Dartn>puth's consortium served over 3,000 students whbse terminals 
were connected. to the Dartmouth Time>Sharing System (DiSS) for a 
total of nearly 28,500 hours^ 

If igure 1 shows the parallel growth of Dartmouth regional activitfes 
and NERComP networic activities between 1970 and 1976, Despite 
the exhaustion of federal support, use of DTSS, as measured in "t^rmi* 
hal^ connect hours," continued to grow. NERComP's efforts, pri/narily 
in the greater Boston area, brought new users on to the DTSS system. 

As Figure 2 shoyvs, 'about 22% of all terminal hours on the DT8S are 
used by off-campui educational users. Today about 25% of tl/is off* 
canipus use is by NERComP members u^ing 14 dedicated DTSSportSp. 
Dartmouth personnel are active on the Board of Directors and om 
of the advisory committees of NERComP, and DartmoOTh's te^hc ucal 
staff has worked 'closely with NERComP staff in planning, designing 
and maintaining the data communication facilities of the networic.Over 
the years, many institutions^ and tens of thousands of college students, 
have received their introduction to computing through the D^rimouth 
: and NERComP networks. This initial experience . has also spawned 
many local time-sharing systems and several mini-consortiuihs in New 
England. Although th^e seeds, which were sown as terminals across the 
Northeast, often grew to maturity in the form of cost-effective mini* 
computers instead of the terminal clusters vvhich had been envisioned, 
this end result achieved the goal of integrating computing into'college 
curricula in New England on a large scale. 

The Dartmouth-NERCon^P relationship came full-<:ircle in 1975, 
when a Dartmouth chemistry professor made use of M.l.T.'s IBM 
370-168 computer for research which could not be done economically 
oh the Dartmouth system. ^ 

While D^tmouth and NERComP are pleased with these successes, 
mutual experiences have not been without problems. Dartmouth, as the 
major "stockholder" and supplier of the NERCorhP netwof 
uniqqe knowledge of these problems. 
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3 0 NERComP'S OBJ ECTIVES V . 

J Robert Gibbs, who has been NERCpmP's Executive Director since ; 
tate spring 1976, succinctly^ identified NERComP's primary missions: 

. • To/narHretcomputer services to NERComP members. ^ 

• To connect members to appropriate member-suppliers. 

• To jpjpport member-users and member-suppliers, once these 

connections have been made. 

^ • ■ 

^ie also mentioned educating members, consulting with members, 
and concjiucting research on their behalf. 

^ Dartmouth staff are confident that Bob knows where NEftComP 
shpuld be heading, and what needs to be done to move in. that direc- 
tion. However, there are problems which impede NERComP's progress. 
Consider them within the framework of the missions of NERComP. 

3.1 Financial Problems 

The first obstacle to the accomplishment of these objectives is 
insufficient fui^irig to staff NERComP adequately. Moreover, there is 
no solid financial investment on the part of all NERComP members; no 
equity in the organization; no sharing of risks; and thus, no common 
financial stake in the successes or failures.^ 

Dartmouth and other major New England institutions have made 
significant investments in NERComP's operations, and are committed 
to the concepts of networking and resource sbaflng. However, this 
commitment and these risks are not sharped equitably by<^all members. 

To illustrate this lack of firm commitment one need only examine ^ 
NERComP's membership roll. Out of nearly 50 members listed in the 
1975 NERComP proposal, only 34 are included as members in 
November 1976, and, of these, only 23 are "active." Of these "active" 
members, only 13 participate as users, suppliers or distributors of the 
NERComP network. Amorvj these 13, however, are some of the most 
prestigious institutions in New England. However, even among, these 
major institutions the level of Commitment varies considerably. 

Dues paid toiNERComP by the membership amounted to less than 
$20,000 last ye&r. In comparison, many Institutions pay as much as 
$10,000 per year in dues to the tDUCOM Planning Council on Com- 
puting in Education and Research, with no greater- guarantee of a 
tangible return. Like the investment in the EDUCOM Planning Council, 
the investment in NERComP is an Investment in potentiaL As Bob 
Gibbs points out^ "NERComP was organized 'by and for' the member- 
ship,'' and the ipembership should fairly share Jhe expenses and the 
risks. / 
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.3.2 Marketing 

> There are several serious problems to be overcome before the mar- 
keting objective can be accomplished. First, members must define 
specific responsibilities. Much thought and effort were devoted to the 
definition of the NERComP marketing structure. NERComP Central 
was to assume responsibility for identifying marketable products and 
for developing promotional materials .and documentation. The Distri- 
butors, or Supplier-Distributors, were to market these unique products 
in their territories. But in fact in 1976, suppliers and distributors are 
not selling! There has been no acceptance of the marketing respon- 
sibility by /the distributors. The lack of a fbrmal commitment, com- 
pounded by the. absence of a financial investment, fosters little concern 
among distribiutors for the success of the marketing venture. 

As an example, Dartmouth, a major sujDplier of DTSS services, and a 
probable distributor, is not formally committed to marketing the ser- 
vices of other NERComP suppliers either on the Dartmouth campu 
or in its self-defined sates "territory." Nor i<^Dartmouth equipped t<?do 
so! Kiewit staff do not possiess detailed information about otJjcfV pro- 
dikts, nor have they .established policies and procedures oeftaining to 
the purchase of off-campus computer power by Damnouth's on- 
campus users. , ■ / ■ • 

Unless a formal proposal is submitted to Kiewit/staff are unlikfely to 
address these questions. Furthermoie, unless Dartmouth.knows thatall 
other member-suppliers are willing to accep^slmilar proposals, the 
college is unlikely to accept such a proposal. 

This lack of ^fined responsibility, along with the lack of acceptance 
of responsibility, places an overwhelming burden on NERComP Central 
personnel who must sell door-to-door simply to survive, and thus 
cannot attend to their primary tasks of product identification and 
promotion. 1 . 

A second problem has been comp>etition oetween IMERComP and its 
members. IS(ERComP suppliers have not enraged into a formal agree- 
ment to grant NERComP the exclusive right to market computing 
services in New England. As a resiilt there has been overlapping effort, 
fnd sometimes direct competition, between NERComP Ceritral and its 
suppliers. With total marketing resources as scarce asthtty^re, this 
situation canngt be allowed to continue. ^ 

i^inally, NERComP services an unstable clientele. The principal pro-^' 
duct being marketed by NERComP is DTSS general-purpose time- 
sharing services. Experience shows that the mini^computer is a deadly 
competitor to this kind of service. It is unusual for DTSS Inc. to keep a 
customer for more than two or three years before the customer is 
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cpnvincwJ that there are economiail advantages to acquiring an in- 

•^iTfJiS^Ks of NERComP are cunKi. the next highest 
priority Ittm should be an all-out effort onlthe part of the organization 
to Mentl8S)« network's unique products atKl promote them widely. . 
NERComP must develop a stable clientele 

insure predictable and significant income to offset the hi^jh^overhead 
associated with the fickle, experimental, short-term user. 

' 3 3 the NERComP Connection \> 
. ' Despite problems that beset the technical staff of NERComlVthe 
prt««vi network is" more cost-effective than Ma Bell's offering and 
Telenet cannot compete wfth it in the, New England area. NERComP 
is studying its emerging role in data communiq^Ubns where it actt w 
• coordinator, facilitator, or connector as often asit does as an opera- 
tor A leaonabte expectation is that at some time in the near future. 

the data communications expertise and ""'"V^'^^^^^.^^p'^'*.^^ 
land educational institutions can all be provided by NE RComK. 

3.4 Support u • 

The problems of remote user services have-received much attention 
perhaps too much, at the current,stage of NERComP's development. 
?he SERComP model suggests that user services be distributed, 
that is the distributor will provide tfte interface to the user. Dart- 
mouth's approach to remote user services is to provide an easy-to-u» 
Voduct which is virtually self-supporting and Is backed up bycomplete 
docbmentation. Such a product can be easily supported by distributors. 

Nei^mP's primary efforts should be directed, toward establishing 
standards for product quality and evaluating each product oftered by 
luppliers to Insure that they will be easy to use and to support*. A sub- 
stantial Investment of resogrces and effort at the beginning of preparing 
these products for the marketplace will significantly deduce the effort 
Tnd expense required, on the part af the distributor to support thern. 
Since the network is communlcations-orlehted, and. since the tech- 
nology Is there, there should be no reason why existing facilities canno 
be3i2ed to provide user services directly from the supplier. This 
capability would also reduce tl)e burden on distributors and would 
increase their willingness to market the product. 

NERComP's efforts should also be directed toward coordinating 
a thorough review of the major suppliers' plans for aPP'-cations and. 
soZan, development. The potential rewards for eliminating dupl^- 
SorTof effort are great, and significant economies could be realized. 

/ 258 ' 



THE DARTMQUTH-NERConnP EXPERIENCE -259 



4.0 NERComP'S VALUE ADDED 

In its new role as connector, facilitator, or even matchmaker, 
NERComP must give more thought to compensation for value add^d to 
network products. Originally several schemes were considered, all of 
which were some variation of slicing the (revenue) pie. None of the 
models considered produced a slice large enough to satisfy all recip- 
ients. This is still an area of discussion and disagreement. 

NERComP will perform many important functions for which there 
is no immediate return for effort expended: for example, searching for 
new applications to meet known needs; developing promotional m<^te- 
rials; coordinating seminars; and recruiting new members. The cost of 
these activities should be financed using income fromjri^bership dues, 
and such financing should be viewed as straightforward and necessary 
subsidizatibn. 

When NERComP provides communications jef'vices to members, the 
fuff"^«5$t of -luch services should be recoveye^ from the users of those 
teWices. When NERCbW pxjovides copnrfiuter services, compensation, 
should be received at rates equal to t;h'6se published by the suppliers of 
the services. Bulk discounts on tl^e^'sale of these services to NERComP 
should leave a margin to cover the costs of providing the services, and 
NERComP should receive some percentage of the revenue generated to 
cover its marketing costs. When NERComP provides consulting ser- 
vices, consulting fees should be paid. When NERComP installs commun- 
ications equipment, it should be paid an installation fee. All network 
participants should receive fair compensation for all services rendered. 

However, network bureaucracy should not restrict members from 
entering into other mutually satisfactory agreements to accomplish 
resource sharing. NERComP shoi/ld provide an atmosphere conductive 
to many kinds of agreements, ainet which fall under the NERComP 
"umbrella." > ' v 

To protect WsRComP's interests, suppliers should agree not to enter 
into any agreement with another college or university in New England, 
unless that institution is alread^(or is willing to become) a member of 
NERComP. Furthvniore, perhaps NERComP should be entitled to the 
same percentage of revenue generated from such agreements as from 
agreements where it is the principal marketing agent. The point is that, 
when NERComP Central's resources or facilitaties are, not used, 
NERComP's compensation should be minimal. 
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5.0 SUMMARY 

In this paper, thtf author suggests that the business plan which guides 
,NERComP'$ future operations should Includes 

^ A substantial financial investment and equitable risk-sharing by 
all NERComP merpbers. 

• The formal acceptance of marketing responsibilities by suppliers 
und distributors. 

• The adoption of an. agreement by aH suppliers which gives 
NERComP the exclusive right to distribute computing services 
throughout New England under the NERComP umbrella. 

• A formal redefinition of NERComP's role in the netvyork, and a 
^ re-ordering of priorities.^ Emphasis should be placed on product 

development, and refinement, promotion, communications and 
support in that order; 

As a major supplier of services through NERComP, Dartmouth holds 
these eKpectations for the future: 

• That NERComP will continue to locate new users for DTSS 
^ services augmenting Dartmouth's mtsstonary effort. 

• That NERComP will continue to offer the opportunity for small 
institutions .vytithout on campus computing systems to nr^eet their 
diverse computing needs. 

• That NERComP will emphasize the Identification and marketing 
of unique,'quality computing seryices. 

• That NERComP will assume an actiye role in the coordination of 
systems and applications development in New England fo avoid 

^^duplicatiori of effort. 
*. ' • that NERComP will gradually assume responsibility for planning, 
proyiding, managing and maintaining data communications 
' facilities for NeW England'^ educational' institutions, fiind^ for 
interconnection to national networks. | 

• That NERComP will continue to plan and 'coordinate discipline- 
oriented seminars and conferences. 

Dartmouth is encouraged by the Initiatives taken by NERComP's 
new management in the second half of 1976. Kiewit is no less com* 
mitted today than In the past to the .concepts embodied in the 
NERComP organization. Both feel confident that, with the assistance 
of a financially sound NERComP organization, they can continue X6^ 
have a^fubstantial impact on the integration of computing into college 
curricula, and, Qt the same time, economically meet all of the 
computing needs which arise on the Dartmouth campus. 
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by Robert Gibbs 



Networking from a 
Regional Perspective 



1.0 INTRODUCTION 

NERComP is an actidn-oriented agency for promoting the sharing of 
academic resources, especially computer resources for educational pur- 
poses in Higher Education. The agency serves higher education in New 
England and operates for the benefit of its membership. NERComP has 
approximately 40 members, the majority of which are active in some 
capacity as suppliers, users, or advisors. Seven colleges are suppliers and 
two act as distributors. 

2.0 NETWORK GOVERNACE 

The direction of NERComP is by and for the membership. Member 
8C^0ots appoint Institutional Representatives who, in turn, elect a 
Board of Trustees which determines the policies and objectives of 
NERComP. Elections are held annually. From the Board of Trustees an 
Executive Board, a Finance Committee, and. a Planning Committee are 
drawn that meet monthly. As Executive Director, the author imple- 
ments and executes the policies of the Trustees, manages the daily 
affairs of the organization, and makes recommendations to the Board 
fpr improvements. 

.NERComP staff presently consists of four people besides the Execu- 
tive Direc;jtor. Staff conduct the principal activities of marketing, con- 
tweeting ^nd supporting member institution educational computing 
Ivlfies. One staff member is concerned with network operations and 
maintenance, one with useuservices, one with marketing, and one with 
administration. 
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3.0 NERComP FINANCES 

The network is wholly supported by dues from members and by the 
margin between agency costs, for the agency computer and data link, 
and revenue from charges to users. Some revenue is also derived from 
granu and grant activities. Total revenue is approximately $300,000 per 
annum. As a not-for-profit organization, NBRComP attempts to recover 
only c6sts from revenues. Since its founding {n 1967, the agency has 
progressed toward a self-sustaining level while concurrently expanding 
the list of suppliers and conducting research and development in com- 
munications techniques and equipment. 

In 1976, NERComP is phasing-down from an NSF supported User 
Services and Research grant and attempting, to become wholly self- 
supporting. This grant permitted the network to pioneer and imple- 
ment the resource chaining concept whereby an interested and capable 
member takes on the responsibility of servicing local users and acts as a 
distributor for the network. Essentially they extend the agency's capa- 
city as a distributer. 

4.0 THE IMPACT OF NERComP 

Staff believe that the impact of their activities is to minimize the 
costs to members-of modernizing curricula and attaining computer 

literacy. . , 

To a major supplier school such as Dartmouth, NERComP brings 
efficient distribution of computing power and effective use of staffing. 
The NERComP switching center at Wellesley, Massachusetts concen- 
trates 11 ■ 22 lines onto one line to Dartmouth at Hanover, New 
Hampshire, using tailored hardware and software that imitates in part 
•the operation of a Telenet TCO. &y using NERComP services, the 
Dartmouth system can communicate with NERComP users in the. same 
manner as with other Telenet users. The switching center provides, 
error control, auto baud, and graceful degradation whenever the user 
loads exceed line capacity. The agency also provides users services 
support either directly or via the previously mentioned distributors. 

Because NERComP has automated concentration to DTSS and 
manual switching to many other systems, it offers the service of con- 
nection upon demand to the system .of the users choice. Port sharing ^ 
and port contention are features of tHis switching equipment. Thus, the ^ 
combination of features and some lineCtimers permit the network to 
offer a unique services, overflow hourlvK^aJiis in adf^^Woh to part and 
micro rates. NERComP h^s built timers for specific users which permit 
them to have the advantage of having dedicated ports and occasionally 
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overflowing to shared ports on an hourly basis. Terminal speeds and 
types range from 110 to 600 baud. 



The principal activities of NERComP are: 

• Marketing 

• Connecting 

• Supporting 

• Educating 

• Consulting 

• Research 

The network actively solicits potential users for its many suppliers. 
In addition to connecting users and suppliers, either directfy or through 
the NERComP switch or through lines shared with others, the agency 
supports user services by providinjg the hand-holding assistance required 
not only for terminatand line operation, but also for software use. Over 
1,000 individual users use the network every month and receive Hot 
Line Users Services on demand. 

The agency also conducts seminars and workshops especially on uni- 
que services, such as IMPRESS and PLATO. Staff continue to research 
alternate methods of communications, such as STOM and TELENET, 
and negotiate compensation with suppliers and establish rates for users. 
At member institution's request, staff wiir advise and consult on com- 
munications matters and do installation work. NERComP is also a 
clearing house for vendors wishing to sell communications equipment 
at a group discount. 

Most of the agency's actions in arranging user supplier hookups 
follow guidelines established by the advisory groups which, were estab- 
lished with NSF funding of research into user services. These groups 
were: A Governace Committee which identified relationships and 
responsibilities for suppliers, distributors and users; and a User Serviced 
Committee which defined the requirements for effective delivery of 
user services. These committees acted to create policies required for the 
resource chaining concept which vye have nov/ implemented. 

In 1976, NERComP has two distributors both of whom support 
DTSS services. One distributor is Yale ^University. The other is Bates 
College. The communications link to Yale is via Telenet, to Bates 
via the NERCornf^witching center. These distributors provide support 
to local schools. 

To guide the staff in multi-faceted dealings with schools which, on 
one hand may be a supplier, and on the other a user of another 
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supplier, the results of the work of the GoyeVnace, User Services, and 
Technical Advisory Committees are available. The organizational prob- • 
lems NERCpmP management faces range from matching suppliers and 
users in a complementary yet not competitive fashion, being properly, 
compensated for the services NERComP supplies both the suppliers dnd 
the users, and for implementing cost effective communications links, 

NERComP management has attempted to reduce the problem of 
competing with NERComP suppliers by holding periodic suppliers 
meetings to outline central office business plans, to. catalog unique 
software and to identify agency prospects, and by altering the method 
of charging for services to preclude any favoratism to a particular 
^supplier. In the case of Dartmouth, NERComP has a de facto estab- 
lished territory in Higher Education for colleges not fel connected to 
Dartmouth. In the case of other suppliers and distributors the territory 
is not as well defined, and the few instances where central office activi- 
ties overlap^yith the supplier are handled by negotiation. 

The economics of the network, as presently configured and at the 
present revenue volume, are growing stronger. Approximately 40% of 
the suppliers standard charges are required to cover networking 
expenses. This would usually be paid by the supplier as a fee for ser- 
vices. The remaining expenses are borne by revenue from dues, grants 
and additional fees paid by the user. 

6.0 LOOKING TO THE FUTURE 

Jhe basic challenge ahead of NERComP is twofold: the simpler, to 
deliver academic computing to the remaining have-not schools; the 
other, to uncover,* catalog, promote and deliver unique services to any 
an^ all users. The agency must generate enough revenue growth to keep 
ahead of the rate of transfer of simpler services from time-sharing to in- 
house computing, or, alternatively, to find cheaper costs of communi- 
cating and interconnecting at a rate faster than the decline in costs of 
small systems. 

. A paradox of NERComP's success in sharing is th§t as user experi- 
ence grows so does the demand for in-house computing. The cycle is 
completed when the minicomputer user (nee time-sharing user) returns 
to NERComP to acquire some. of the sophisticated unique applications 
and to sell available bread and butter BASIC to the uninitiated. As the 
need for a sharing agency such as NERComP continues, the agency 
functions in a manner similiar to a library providing access and refer- 
ence to methods and solutions. At NERComP, however, the text is 
never hiissing from the shelf but is always there waiting for the next 
seeker. 
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^ The search for unique products leads NERComP staff not only to 
deal with specific disciplines but also to consider sources of supply far 
outside of New England. The agency is challenged to act as a catalyst 
for discipline-oriented groups by bringing together foremost partic- 
tioners and their findings with newcomers. In academic computing, 
NERComP also sees^the challenge of acquiring superior software resi- 
dent outside of New England, either by transfer or through comnrruni-^ 
cations links. Through constant interaction with institutions of Higher 
Eudcation in New England, NERComP is able to determine not only 
the demand for certain software but also the capacity of local suppliers 
to deliver. Small colleges with under-graduate science courses now have 
*an opportunity to gain access not only to the best in New England but 
also to*software such as the PHYSICS DIALOGS developed atthe Uni- 
versity H)f California, Ifvine, CA. This software, which operates on a 
Sigma 7, could conceivably be brought to New England via^NERComP. 
Also'excellent, but unpublicized, capabilities like MACSYI\AA on the 
MUlTICS system at MIT should be brought' to the attention of afl 
network members. To cjetermine the value of such specialties network 
staff make use of those members who act as advisors to NERComP 
who have special talents or interests. For instance, what better way to 
determine the desirability of MACSYMA for the.have-not schools than 
by having a mathematician at a small rural New England^College test it 
and give his opinion. The test by the remote probably ultimate user is 
an acid test. This cooperation by the members of NERComP contri- 
butes to the strength and vitality of the organization. It is in the best 
spirit of. resource sharirig that our^members contribute time and advice. 

In conclusion, NERComP is an action-oriented agency dedicated to 
academic resource chaining of computer resources; is organized to iden- 
tify and measure the demand and syjpply for resources; is equipped to 
interconnect supplier with user; and is qualified to provide user services 
support. 
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by Guy Ciannavei 



Single-Server Cooperation 
in Compuier Networking: 
the Harvard Experience 



1*0 INTRODUCTION 

The Harvard-MIT arrangement under which Harvard purchases IBM 
370/168 computing services from MIT, is now starting its sixth year of 
operation. Within the frrst quarter of 1977, I expect that Harvard will 
formally announce its intention to continue the arrangement for year 
rujmber seven. In the computing business, seven years is a fairly long 
iime and this factor of longevity alone leads one to the conclusibn 
that Harvard and MIT must be collectively doing something right 

. In 6rder to help ^uge the true dimensions of that success, however, 
one must point out that not all of the computing needs of Harvard Uni- 
versity are satisfied by the arrangement with MIT. Moreover, a very 
significant 'portion of Harvard's computing needs are satisfied com- 
pletely independently of the Harvard Computing Center. To better > 
understand" why this is so, one needs to know hpw Harvard is organized 
and where the Harvard Computing Center fits within that organization. 

2.0 HARVARD UNIVERSITY ORGANIZATION FOR 
INFORMATION TECHNOLOGY 

The primary product of Harvard University is education. Thl^ educa- 
tion Is produced by ten separate graduate schools and one undergrad- 
uate college* The deans of each of these schools operate witlEi complete ^ 
autonomy in academic affairs and with no less autonomy jn fiscal 
affairs (which comes as a surprise to jhany people). The d£an of each 
school is responsible for the financial stability ai his organisation. He 
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discharges this responsibility first by generating revenue via tuition an^ 
mheVS^^^^ and thert by exertmg strong controls over th^ 

manner in' which those funds are spent-by his faculty. 
" The nSty does provide -any.centra.ly-managed serv.ce. to^^^^^^ 
various schooi^V However, none of these serv.ces are provided free of , 
ch r« ^me ot. these services exist a? natural monopohes l.ke per- 

onn?i aTministraXon, student bilfmg and the. university Po.''«- Th^^^ 
a?e other central '^'^ 'K'^' """''"^ office which do not 

nlofmonrpoly stls and must cdmpete with external sourcesXon. 

puting is a centrally Wded service' that must cdippete both with 

external sources and wiVi interrval do-it-yourself efforts.\ , 

The Harvard Competing Center i^ the duly -nnituted cent a ■ 

source of supply of computing 

branch of the office for formation ^chnology (OIT). The Of i^^^^^^^^^ 
Infbrmatipn Technolog/is part of the fmancia systems organization 
which is headed by the vice-president for financial attairs. / 
The primary mission ,pf OIT,-.is to provide advice ^nd QU'dance /o 
all areas of the university in technological methods for processing ahd 
convening nformation. In thos^areas where OIT perceives an unfjed 
ne d-f or services, it m'ay provide for the P-^uct.on of tho« semce^^^^ 
the establishment and maintenance of operational facilities. /OH 
cu reat y s the organi^tion.1 home for thr^e such operational /ac.l, 
i J w ose sei^ices are available to all areas of the u-ersity or./ fee^ 
foT-services basis. One is the video serv ces center which supplifes an^ 
m int^nT a large inventory of video programs and devices, the Second 
o^" ional facmty is the applications development 9-;P.;lVpr "- 
si^s of a staff of approximately 35 systems lys s and compjter pro 
aramniers The third service organization in OIT is the Harvard torn 
putZ Snter. Harvard University's highest governing body has assigned 
•OIT the r«ponsibility for the coordination of all computer acjivities at 
S ]v ?d. The mission of the computip center is to 9^o.^ ±e com- 
puting services for which OIT perceives ah otherwfte unfilled .|eed.. 

3 0 THE HARVARD COMPUTER CENTER 

The imernal organization of the Harvard center is not g'^a".^^ 
different from any other college computer center. The staff ot IW 
tons CO Ve^tively provides the full rppge of classic computing cen^ 
seTvic^ ?he staff is compartmentalized into six functional grpupin^^ 
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studies for future planning, and they provide a full range pf user assis- 
tance services including developnr^ent of user documentation and the 
conduct otuser traH^h^^ourses in programming languages and available 
packages. Their user assistanceyi^^^^^'OH^ require extremely close com- 
munication and liaison with their counterparts at MIT, sirice the major- 
ity of Harvard users who need as^istatjpe are using the MIT CPU. 

The Harvard Computer Center organization is somewhat* unusu'al 
since almost half of the staff is involved in functions subservient to 
administrative applications. Jhe, data preparation and control groups 
are almost vvholly dedicated to the business end of Harvard Adminis- 
tratlon. The computing center, then, is both research orierited .anS 
administratively dedicated. 

The center runs anJBM 370/14^with a VS1 operating syJlem. Th'^ls 
computer is used to process moit^Marvard's administrative produc- 
tion jobs while simultaneously servifliPs a remote job entry deyi<^e to 
MIT's IBM 370/168. The 145 has three card-readers, 348K of/core, 
4 tape drives, 4 mountable disks and four 1100 llne-per-minute printers. 
The remote job entry function to MIT's 168 is performed by an IBM- 
produced H^SP workstation package.. Two other remote job entry 
stations at Harvard tie in via leased lines direQtly to MIT's 168. A 
REMCOM 2780 is* located at the center for behavioral sciences at 
William James Hall. The other, a Data 100, is ton the Boston side of the 
river in the Harvard Medical area at the Harvard School of Public 
Health. These stations afe operated with financial support from the 
computing center but without the benefit of the computing center's 
managerial control. All revenue collected from users of these remote 
• stations^ for 168 services accrues to the computing center. These sta- 
tions do not access the 145. 

The services of the center are available to all organizational com- - 
ponents of the university and affiliated bodies such as the teaching . 
hospitals and other non-profit organizations. The/tenter does almost all 
of the central administrations' computing as weJl as most of the admin* 
istrative applications required by the various faculties. There is also a 
large mass of research-based computing and this work represents the 
bulk of Harvard traffic with MIT. The most cornmonly used language 
over the MIT link is FORTRAN, and the most popular packages are 
DATATEXT and SRSS. 

4.0 THE LINK TO MIT ^ 

' Users of the center represent each of the schools,' all areas of the 
central iadmlnistration, and the affiliated teaching hospitals. In dollar 
terms, central administration spends the most providing 42% of total 
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revenues on the center, with' the Faculty of Arts and Sciences running 
second at 20%. On the MIT 168 Link alone, however, the places are 
reversed with the faculty in 1st place at 24% and Central Administra- 
tion running second at 20%. It is interesting to note that, on the Boston 
side, of the river, the Schooj^of Public Health, the Medical School, and 
^^e Teaching Hospitals provide rotlectively 26% of the 168 dollar 
volume while providing only 16% of the center's total revenue. School 
faculty representatiorM»'e< th e trivial level only at the schools of dentis* 
try and divinity. ie total revenues earned by the center, only 17% 
derive from federal contracts and grants, while 25% of the 168 com- 
puting is federally based. « 

The decision to assign work to eUher Harvard's 145 or MIT's 168 is 
made in every case by the usir. The computing center provides advice 
and counsel only. Of course, the decision is seldom a difficult one^ since 
the service characteristics of the two' machines are so markedly dif- 
ferent. The 168 will turn the average job around in twenty minutes; on 
the 145, twenty,; minutes of riegotiatipns may be required with opera- 
tions personnel to establish whether the job wilt be run before, or 
during, the third shift. 

Since the preponderance of jobs processed by the 145 are adminis- 
trative production jobs, the regularly recurring production cycles lend 
themselves to a high degree of advanced scheduling. Most of that work 
is shepherded thi-ough by the center's staff of data control technicians. 
The occasional 145 individual user, therefore, most often finds a long 
line of big jobs waitmg ahead of his/hers. 

It should be noted that on new administrative applications and pro- 
jects still in the development or pre-production stages, programmer^ 
normally will submit all their debugging runs'to MIT's 168, capitalizing 
«on the vastly improved turnaround and justifying the possibly costlier 
service with offsetting savings in programmer productivity. After an 
application has been proven ready for production, it will be transferred 
to t^e 145 if running costs are lower than on the 168. Some debugging 
is not done on the 168. The vast majority of Harvard's general account- 
ing progi^ams were originally developed under the DOS Operating Sys* 
tem on an IBM 360/30'that was formerly operated in the comptroller's 
office. Since the 168 does not have a DOS Emulator, none of those jobs 
can qualify for 168 processing. 

In addition, there are considerations of security and privacy which 
tend to prevent certain sensitive applications from being run on the 
MIT machine. Such sensitive applications include the hourly payroll, 
the weekly payroll, the semi-monthly payroll and, of course, the 
monthly payroll. 
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The 145 is also desi^ated for use as backup to the 168. With the 
txception of DOS joM; any job that will run on one machine will also 
run on the other. The Harvard Computing Center has developed a pro-V^ 
gram called SCAN that translates 168 ASP job control language to 
OS/yS JCL Fortunately the 145 has had to perform a backup role 
oniy rarely, but occasionally during thirdshift. hours, when MIT service 
is not available, the 145 will process urgently needed device-indepen- 
dent jobs that otherwise would have gone to the' 168, This is never 
done, however, without the specific consent of the user. 

5.0 THE COMPETITIVE ENVIRONR^ENT 

l^rhaps the most significant Single, unifying characteristic of the • 
Harvard user community is that it is free to acquire its services any- 
where it chooses. Indeed there are grpOps who purchase services from 
external sources completely independently of the center. For example, 
the college's chemistry department buys much of their computing from 
Columbia University, and the astronomy department uses heavily a 
CDC machine at the Smithsonian Astrophysical Observatory. The 
undergraduate college and the business school operate their own inde- 
pendent* medium size computing facilities which satisfy most of their 
educational computing requirements, The computing center, therefore, 
operates theopmpetition with the whole world, except MIT's 168, 

A^<Q$pmned previously, the Harvard Computing Center provides 
its services on a strict fee-for-service basis. It is constrained to recover 
aU of ils^operating^Mts from its users. Thfere is no suibsidy or other 
financial assi$tance~gimtedno-the-<^^ The center 

pays its own rent, heat, electricity, telephon^andlamtbnat^ — ^ 

only services that it receives free from the university are personnel 
administration, accounting services and, of course, general m^agerial 
guidance. The center operates on a genuine full cost recovery basis. The 
schedule of prices charged for its services is intricately detailed so as to 
.attempt to spread the burden as equitably as possible among users, con- 
sor|8nt with the services they require. This results in a multi-page 
catalogue of services and prices which usually overwhelms the first- 
time user. ' ^ 

Working under these rules with no subsidy, complete cost recovery 
and competition with the" world, financiarconsiderations tertd to play 
an overwhelming ^ole- in the process of deciding in what manner the 
computing* center will produce computing services. The build-or-buy 
decision leans strongly on the fiscal facts of life. This is where MIT 
cpmfs into the pictui'e. The Harvard Computing Center has been able to 
buy wholesale services from MIT at a cost lower than the cost of 
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building comparably services in-house. Although qenter management 
continually window-shop for substitutes, they have found none who 
appear able to compete with MIT. 

One 6f those window-shopping-excufsionsHPes u l t e d i n a n a rr a n g e* 
ment with Princeton. Center management had determined that, for 
some CPU-intensive jobs, the Princeton retail prices were significantly 
less. expensive than MIT rates. The center did establish the link with 
Princeton, announced the service to ^Harvard users, and prepared for 
the rush. The rush never canfe. Not one user has ever, requested that 
his/her job be run at Princeton, that experience has tadght center 
management that lower prices alone are not sufficient to cause user 
migration. Obviously the combination of providing only over-riight 
service and requiring users to convert job decks to the Princeton con- 
ventions were strong irfhibiting factors. 

The MIT arrangement on the other hand, in addition to its generally 
favorable structure, provides an attractive combination of speedy ser- 
vice and stability. Any job that worked on MIT's^'^TO/l 55 in 1971 will 
work today on the 168, with faster turnaroOnd anBTTor'the Harvaj^J 
user, a lower unit cost. \ 

The Harvard-MIT arrangement operates ijpwr a written agreement 
which is re-negotiated annually. For this year Harvard has agreed to buy 
monthly minimums of 168 services approximately as follows: 

• 30 hours of central processor time 

f • 25 thousand kilo byte hours of memory 

• 10 million tape &^^isk l/O's 

• 75 hours of disk use 

• 90 hours of tape use< and || 

• 8,000 devi^ units " * 
All of this will require, at Harvard, an input of 4 million cards re- 

- -suiting JrL_20 million lines of print-output, distributed across 12,500 
batch jobs, and^'SDOTRrarr^- T^Qjtfii^^ These para- 

meters constitute the minimum monthly profile. Actual 4isafle_vvi 1 1_ 
exceed this minimum guarantee, and there is a schedule of unit pricp 
decrements for corresponding increments irrmage. 

The amount that Harvard pays to MIT represents approximate one 
third of the total cost that the center expends to distribute 4hese ser- 
vices to Harvard users. The end cost of the H^^vard user is iri no case 
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any higher than that which would be paid by ajh MIT userfpr the same 
job. Also, the Harvard user is paying less for the average job now than 
he or she would have paid 5 years ago. f ^ 

Although financial considerations have been or great imp9rtance in 
the decision making process /for continued renewal of the MIT 
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•rrangameQt, there are also other considerations. For example, Harvard 
could quit the MIT service and upgrade the 145 to a larger machine, 
this would give the . Harvard center a small reduction in overall oper* 
ating costs at the expense of drastically increasing turnaround time for 
former 168 users. It is the considered opinion of center management, 
however, that most users would not appreciate a 5 or 10% cost savinjis 
If the waiting time were to grow two or three times longer than tjjtft to 
which they have become accustomed. % ./ 

An additional consideration of no less importance is stability for 
Harvard users. The program conversion effort required to move to the 
ilVt was highly traumatic for the Harvard community. In the present 

-liompetlllve-eflvironment . in which the Harvard Computing Cerittr" 
operates any similar mandatory conversion would result in large scale 

, mi^^ation of users to other sources of supply. 

JLflLS^JVlMARY- 

Harvard pre fers to use MIT-provided computing service for three 
major reasons; low cost, speed and stability. 

MITtias proven capable of providing eminently satisfactory turn- 
around time, and MIT's recent long-term ^commitment to the 168 
augers well for future maint^inance of performance at no increase in 
hardware costs. The long term stability of MIT's servic^ has been 
excellent. There may be scjme clouds on the distant horizon, however. 
MIT does plan to move to a virtual operating system, MVS|.and they 
plan to implement the JES2 control language. Center management at 
Harvard perceive a resulting adverse' impact on stability. Hopefully; any ^ 
irritating effect from that change will function iil<e the grain of sand^ 
around Vvhich the diligent oyster builds a shiKy pearl. 
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Chapter 30 



by J: R. Sternberg 



• Single Seryier Ccioperationf 
The Supplier's Viewpoint 

J.0 THE MIT IPS^CADEMIC!: AND RESEARCH ^ 
: COMPUTINg CENTER V g i y 

The MIT Academic and Rejfearoh- Computing "Cehlei^ 
roles; it is both a supplier of computing services to Harvard and 
NERComP and^a distributor of computing services, to the MlX com-'^ 
munity. The fact that the center is both a supplier and a distributor is 

* a \«ry Important considera|;^ion. A brief description pf MIT facljltiei 
and services, that product llftat the center distributes and suppli(s7h«y 
be useful to put the supplier/distrj^utor role in context. 

The ^ter operates two large-scale computer systems. The Honey- 
well 6180 provides the Multlcs time sharing se|vlce, and an IBM Systemi 
370 Model 168 provides a\inulti-proce$sing batch service and a time- 
sharing service. MIT users aVe^airly evenly divided between the two 
systems. There is some preponderance k\ numbers on the Sys^m 370 
side, but very few users are ambidextrous, that Is, eble to use either 
lystehn with equal proficiency and M(b. Although MIT Inforihatlon 
Processing Services staff distrlbute««#fvlces on both systems, as a sup- 
plier IPS provides System 370 services bimosi exclusively. Although 
IPS has been, enoc^raglng both ^Harvard and NERComR to broker 
Multict services to their commuditl^, thu is a fairly recent develop- 
mejj;^ ^ . 

MJT-IPS is tied into tftree networks. The System 370 Is; tjed into 
both the NERComP netwo^nd the Telehet hetwork, the^eoond as 
|:>|>art of iEDUJMET.,The Multics" system Is tied into Arpanet and^lenet 
Eittiiiiif 'i^sterh accessible through standard dial-u|^ telept^one lines 
from ahyvvhera In the world. v ' Pi 

2?3 
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The System 370 also has several direct lines connecting it to remote 
orinter/reader stations. One of these lines runs through campus to the . 
East Campus computing facility which is a Data 100 remote termmal; 
(There is also a PRIME 'computer on this site and plans exist for tying 
it int6 the S/370.) Through a coaxial cable connection, and IPg runs, 
the terminal at 9600 baud using homegrown rtjldems which do not . 
actually modulate or demodulate. 

The System 370 is also, tied in directly through two mechanisms to 
the Harvard University Computing Center which is approximately five . 
miles away. One is the leased 40.8 kilobit telephone line using the Bell 
303 package on each end. The bther is a 40.8 microwave connection 
between the William James Hall at Harvard. Harvard's skyscraper, and 
Building 39 at MIT, the building that houses the computers. The micro- 
wave link is a line-bf-sight.-<jish-to-dish connection. Since one of these 
hiah speed kilobit connections is actually in use at any time, the other 
functioTs as a spare or backup. In addition to the dat» transmission 
band the micro^Arave facility has capacity for several video channels, 
and these are used fairly frequently for telecasts between the two uni- 
versities. ' , . » 

Finally leased lines between the MIT System 3.70 and the other 
remote stations at Harvard and the System 370 also provides a facility 
for dial-up service to remote entry stations. Dial:up service is used by 
stations that have too little usage to justify the cost of the leased line, 
i.e.. Tufts and Brandeis Universities. , ' 

2 0 DIFFERENCES BETWEEN MIT AND HARVARD 
USER INFERFACfS \ 
The System 370 operating system is OS/370 MVT XSP with the 
time sharing option ITSO). Although both the MIT communities and 
Harvard communitfeJ are running using the same operating system in 

- many ways the user Wrface4 to this system are different f°r the-two 
communities. For example^he separator pages that surround the- user s 
printed output have different formats for the two schools to conform 
to the different filing procedures used by the separate dispatching areas. 
At MIT the output is filed by'jobname. actually a sequential number 
produced by the use of prepunched jobcards. At the Harvard Un.ver- 
, sity Computing Center the odtput is filed by programmer narie. There- 
ibVe, on Harvard jobs, the programmer name is printed in laV stenc^ 

. like letters along the edge of the separator sheet. For the output of TSO 
submitted jobs, MIT has adopted this Harvard convention even though 
staff still file^output by jobname. , 
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t^^.:-lhim^ arv a number of such differences tn the user interfaces; the 
ip/l^jl^Hhf^ runt et different prices then the MIT user; the Harvard 
a idightly different account identificatiorf card than the MIT 
I':: ^iiaer; the Harvard user's account number i$ of a different format than 
V ^ the MiT user's; the 0K2RUN checlcing 0rooeu, though similar, is 
• itH^tly different for eaCh user and the checlcin^s done against two 
>; diffmnt lists; the Harvard user and the MIT user^ve different sets of 
ditwoged procedures; the Harvard user can specify a number of service 
rtQulrement indicators which set prices as well as job priority which the 
MIT usepie(^rlt»tsitliowed to use; and so on and so on. It is irpportant to 
rcNTMiiroer that both communities are using the same operating system, 
atbtnt .an operating system that has been heavily modified to preserve 
both the MIT and |he Harvard identities. It- is almost safe to say that 
there is no reason for^he Harvard users to suspect that they are using 
someone elses computer. 

In some places, the users' interface is the same for bi\th communities 
' where IPS would rather it were not However, it was too difficult to 
' change. For example, at the end, of each job's printed output there is 
normaHy an Announcement Page, a page which contains important 
I notices such as changes in operating schedule, short course anpounce- 
laments, changes in software pactcages, and so on. These notices are 
jally prepared, using a TSO program, by the person^most generally 
responsible for the area concerned. If . that person does not recognize 
that both communities will be reading the same notices considerable 
confusion can result. This problem is amplified somewhat because most 
IPS staff are involved only, or primarily, in the distributing function. 



3.0 MIT-IPS A$^UPPL^ER 

MIT is supplying computing services to a distributor, the Harvard 
University Computing Center, not to the Harvard users directly. 
Cpneequently MIT does not supply user consulting, user documen- 
tation, or even printed output. The MIT-Harvard arrangement is 
actually a very simple model of the chained resources networic that 
NERComP has been developing. ^Because of the geographical con/uh 
tSnts, user services are best distributed to the Harvard community by 
the Harvard University 'Computing Center, just as IPS dt^ributes those 
s<ervices to the MIT community. 

So what are the things that IPS supplies to Harvard University Com- 
puting Center? IPS does main>tain a numbejNof application programs on 
tfie system that are used by the Harvard community, just as Harvard 
mjBintains a number of application programs v^ich are Used by .the MLT 
community/ Al^hoijgh MIT maintains m^ of the compilers, loaders,. 
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mtsm utiiittM. etc. the Harvard Computing Center does maintain 
COBOL and the awoclated COBOL-TSO tools. MIT-II>S maintains- 
the operating lyitem. and Is responsible for theBquipment associated 
with the central processor, selection, operating, maintenance and the 
phyticat environment in which it runs. 

3.1 Contractual Arrangements 

' In these areas, where MIT-IPS provides a direct service, that mwt of 
the diaioflue and problems occur. However, it is interesting to note that 
th«e services are not loduded or even mentioned In the final agreement 
vlhlch Harvard for the provision of computer services. That agreement 
specifies flu«r«nt«<* minimum annual expenditures and estimated 
monthly usage where usagj is measured by dollars expended at MJT 

'^****' The agreement between Harvard and MIT is quite Interesting for 
a number of reasons. Remember that Harvard and MIT. at first, were 
partners in this venture and shared equally the cost of the central 
facility in which the central processor was an IBM System/370 Model 
165. Note that sharing in the cost of the central facility, was for both 
MIT and Harvard expense in addition to the cost for all of the ancillary 
facilities including the online printers and card readers, the dispatching 
area the user consulting and documentation functions, etc. As a result 
of the different cost bases and the different Page bases. Harvard jmd 
MIT arrived at different charging rates for theTr users. Since users found 
it difficult to understand why the same service on the same machine 
had different prices at the different ce^iters. both MIT and Harvard staff 
spent a lot of the first year ejcplaining. * . " 

After about one year of 'ap partnership arrangement. MIT reaiizea 
that a larger machine was necessary, particularly if TSO services were to " 
' be offered. At that time, however. Harvard felt no need for expansion 
and vvas not wiliin^r tb share the cost of a larger central facility. Accord- 
ingly the economic arrangement Was changed although much of the 
spirit of the partnership still remains. Many of interface changes reflect 
those early partnership days and. of course, set precedents for the 
futurB 

Having decided that they did not want to share the cost of the larger 
central facility, but were still interested in, retaining the service. Harvard 
agreed to'set its fair share of the cost for the coming year, directly on 
, the original partnership cost. Both institutions assumed that there 
Would be no large -increasean Harvard's usage, and that the standVd 
measure of their usage would be MIT dollars. For this amount of usj^ 
Harvard pays a guaranteed minimum with additional surcharges if the 
monthly, or annual, usage exceeds certain leeways built into the prof lift. . 



tf^ ytm Harvard usage, as wall as MIT's usage, has increased 
|0|^||^/and tM Harvard profito indudas TSO usage as well as batch 
^^1^^ now. However, it it still reasonably seta to assi^me that Harvard's 
^^IPM^ h to approximately one half the capacity of a 166. 

Mutual Trust and the Spirit of Partnership 
:Tli^ are several services that MIT provides Harvard like systems 

^ maintenance and develophient, operations^ and some applications 
' maintenance and development. What guarantee is there to Harvard that 

. these services are up to scratch? What guarantee is there to MIT that 
^iarvard won't demand more or better of these services than IPS is 
willing to provide? The answer is, and sonie people would laugh 'at 
this, mutual trust and the spirit of partnership. Examples of this trust 
console privileges MIT allows the Harvard Center, and the use of 
the advanced scheduling service indicator that provides tl\em an 
extremely high job priority. Abuse of et}lper of these privileges could 
seriously impact MIT's access to the sy^em. Conversely, they trust 
MIT-IPS with tli^ir tapes, their disks, and of course, their jobs. Harvard 
assumes, and reasonably so, that MIT wilt maintain these services ate 
reasonably high leveLTOf course, MIT does have an additional respon-% 
stbility to its own conrmiunity in these areas. MIT assumes that Harvard 
will not make demands on these services'that are inconsistent with their 
financial contribution. It is very much an article of faith and pretty 
much of a gentleman's agreement Does it.work? ^ 

In each of the servtC9 areas a certaii^jjmpu|^of dialogue must be 
maintained between people providing thd fun<^i&'at MIT and people 
providing the similar function at Harvard. Perha"pS:the most continual 
dialogue is at the operations level.^irfi^o|^tt, there is a hotline con* 
necting machine room to machine r^m. Whenever something unusual 
is going to happen at the central facility jO^rations makes it a point to 
use the hotline to notify the^lHyKvara^^O^ room operators. 
Conversely, whenever Harvard \ij3^j^ tou^pe an unusual^demand on 
the system, the Harvard operatdh^'^M^ mie^ine room operators 
at MIT. Whenever there is trouble aj|jS|^er end,"^^ is busy, of 

course. In addition to the hotline theiutei other day^o-day operational 
lines of communication. Harvard has i%M^fmfiffr^^nike }Nh\dh delivers 
and picks up in the MIT machine room abj^i^^r timeia day.^Part oj^ 

. this delivery Services usually, includes sigrri^- lil'i^fH^^ and disks. 
. .Cbnsequently/anbther daily.'i^tact oocui^ bef^^i Jhft tape librarians 
in both Installations. * ' * ' ^^^^'^l^^^ 

There is also daily operational level interface* Jb^etween the user 
accoun^«offtces of the two centi|ri^ Harvard can^^ and does,. 

' batch users intb the syMtm bteause they have a separate 
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0K2RUN list, TSO maintains only one registration list. The MIT user ' 
aocQUhts office miist be informed whenever Harvard wishes to register 
a new TSO user. There is also communication if anything happens to go 
wrong with the accounting metering files. These files are a common set 
of records used by both centers to keep track of usage and to bill their 
users. * ' • 

Harvdrd'i systems programming staff's main function is the support 
of the VS1 system for the 145. However, as systems programmers they 
do have some ideas of how the operating system at the central facility. 
Qould be modified to improve service and, they are more than willing 
to share those ideas. They also maintain some parts of the. operating' 
system, particularly those parts associated with the COBOL compiler 
and the Harvard catalogued procedures, and are quite involved in the 
review of specifications for the MVS system which MIT is now imple- 
menting. The/interface between MIT system programmers and Harvard 
system programmers is busy. 

At the appljcdtions programmer level and at the user services level, 
there is also some communication. St^ share-Jnformation about prob- 
lems and changes and occasionally coflabofate on assisting a user. 

3.21 Formal Management Consultation^ . 

Perhaps, theLmost important interface is at the management level. 
There is a ^(fSekry meeting of the management of the two centers 
scheduled, though lately this, meeting has dttually been held only 
about monthly: At this meeting Harvard us/ally will bring up com- 
plaints about system reliability,' pperating procedures, equipment 
failures, and all of, those things about M|T services that they feel have 
not been up to snuff. MIT representatives will complain about the 
weather, the economy, the government and generally try to explain 
why problems have occurred. These meetings also provide an oppor- 
tunity to share problems, and sometimes solutions, and occasipnally 
to plan. Often these meetings are used as a vehicle for arguing out 
differences in philosophy and priorities. Although, without an arbitra- 
tor, these debates are often not revolved or even scored. 

4.0 PROBLEMS 

What are the problems in an arrangement such as this one? Although 
MIT is both a supplier and a distributor, most of the MIT center's staff 
are primarily concerrted with the distributing role. They tend to think 
of me Harvard Computing .Center as^ a strange and demanding user. 
There is occasionally some resentment when things must be done 
differently then they would like because of Harvard's involveme'nt. 
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This shows up, for example; in our review of the MVS specifications. 
Harvard and MIT have different priorities and quite different >views of 
their users. Because of this they have quite different vjews of what the 
system should look like and what changes are tolerable and which are 
V Intolerable. * 

Originally there was also consider9ble user resentment Somehow or 
other if the syst^n was down or turnaround was bador anything at all 
wasn't just righT the MITv users were convinced it was the fault of 
the Harvard usage. I . expect that the Harvard users had some choice 
words for MIT as well. After a year or so, however, the arrangement 
came to be accepted and IPS staff now hear few complaints from users 
about Harvard's use of the system. 

4 

Another problem, of course, is the additional work required to main- 
tain the separate interfaces. The brunt of (this work is carried by tl;ie 
systems people, though it occasionally roaches down into all levels. 
Clearlv^he perceived need to preserve >He identities of both centers 
does create problems. 

Other problems occur ir» communications. Occasionally operators 
forget to tell Harvard that MIT is planning on scratching a library until 
after they've done it. Sometimes Harvard neglects to tell MIT about a 
large number of jobs coming through that must be finished that 
evening. Perhaps it would be more truthful to classify this problem as 
an awareness problem" rather than a communications problem. Certainly 
the communications lines have been set up, but staff on* both sides of 
the river sometimes find it difficult to remain aware of each other's 
needs. This relates again to the fact that most of both staff are in the 
distributing function not the supplying function. 

Suprisingly there is sorpe competition between the two centers for a 
common customer base. This is hardly a day to day problem, bi* there 
has been at least one occasion in the past, with a third party involved, 
when this became a ve^ serious problem. Fortunately,, it was also a 
problem which could be straightened out and was.- 

In the^rea of standarcis fo^performance, there affe 6ccasions when 
MIT is willing to settle for a lower level .of perforrnance than Harvard. 
A recent case irijDoint has been the reliability of the t^pe drives. Har-- 
vard felt quite strongly that too many tape jobi weVe having difficulty 
while MIT felt that performance In this area was more than satisfactory. 
The upshot of tl^is, and hopefully the upshot of most such disputes, 
was a raising of the level of performance and reliability in this area. 
(The customer is usually right, afnyway.) 

/ • 
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5.0 CONCLUSION , 

It's an interpting^arrangement, sometimes ^ trying one, butrertainly 
economicatIV advantageous for both institutions. If Harvard and fA\J 
had It to do over again they'd probably v^ant to do some things differ- 
ently, but probably wouldn't. 
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higher education In the stat^ of Illinois as a means of imprbved 
nutfUHiem ' jt^ 

. lEC has encouraged, and assisted in establishing, interuniversity . 
cooperative programs leading to more cost effective delivery of services 
through resource shariiu^ collective purchasing a/id economi^cal fi- 
nancing^ arrangements. 1^ is supported by membership dues, service 
fees and grants. Fees are charged by lEC for established services such as 
Ijsasing. Members' dues support program development and lEC'sVole as 
jfacilitator and coordinator. Facilities and personh^are provided by 
members as required for specific activities. 

In July, 1976 lEC was recognized by the Internal Revenue Se|;yfce 
as exempt from Federal income tax as an' organizatibnXdescrihl^d in 
Section 501|c)(3) of the Internal Revenue, Code of 19S4. t^s-is a 
reversal of the IRS's advecse>uling of May 1974:and. the re^uj/of the 
Consortium'^ourt actions which began m 1975. 

• ■ ■ . . * ' . ■ 

lEC expects to effect evolutionary, though not dramatic, changes in 

the management ofseveral specialized state university service functions 
supporting their educational missions. During the fiscal year 1975-^ 
1976, lECcdncentr^ted in si)f areasJ 

_S^1N^nsUltant Services 

-In conjunction with the professioVial staff of the state universities, 
lEC has provided". Consulting services tp member schools in the opera= 
*X\on and management of academic computing facilities. 1 EC has al^o 
c ji^vided assistance with acquisition of used computer equipment and 
ha^, profitably disposed of members' usiBd equipment traded-in for 
' newer equipment. Through its dealings with the State urnV^sities, lEC 
]\S^aH has become knowledgeable of members' experier>c|sVvith vendors 
•i^nd pr as members' plans to release or ao^u^ equipment. 

•4^is -fnformati^h^^iias^l^ used to the benefit of-i^^elral member 
viiniversities! . ' 

Distributor S'ervic 

^^!;EC has purchased over 6^0 computer terminals i^or sale or lease to 
?^ipembei^'.colleges 3^ universities at discounts of J2(M0%. The* staff 
' expect<|6 acquire an addit1ona|i300'400 terminals during calendar year 
1977>Whe?athe arrangement Inps been u seful. lEC has also been used as 
a co^tracti^. vehicle to obtain Ygnific^M discounts in tKe acquisition 
r of miniHcpmpUt|Brs, coAiputar fperipheraU, computer software and 
-audio-vi^uaF^traijiingaidS^orit^ 
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3.3 Compute/ Equipment Leasing \ 

1EC exK^ded its leasing operations by purchaiing severe computer 
' systems which had been leased^ by manufacturers to Illinois state uni- 
versities. These include an IBM 370/158 leased to Southern Illinois ^ 
University-Carbondale, an IBM 370-145 leased to the Cooperative 
Computer Center, an IBM 370/145 leased to Illinois State University, a 
Hewlett Packard 3000 leased to Sangamon State University, a Dat^, 
General Eclipse S/230 leased to Eastern Illinois University, and a Digital 
\E((uipment Corporation PDP-11 leased to Southern Illinois University- 
Carbondale School of Medicine. Over a five-year period these partici- 
pating unij^^rsities have estimated five-year savijigs of over a miilion 
dollars by leasing this equipment from lEC rather, than leasing the 
equipment directly from manufacturers. * ' 

3.4 Cooperati^g^Fdrchasing 

During ^^Ojj^^^ collective purchasing activities were focused on 
initial orgwntiOnat7^^|^nning/and operation phases. The lEC Pur- 
chasing Advisory Council7cort?posed of the purchasing directors of the 
thirteen state university campuses, jofhed together to judiciously 
expand (from 7 toj24) the list of generic commodities for which there 
was. an indication of service and monetary advantage through collective 
..procurement. In FY76, the dolla/K^xpenditures for commodities^ 
• collectively bid increased from the'Fm75 level of $1.1M to $2.9M. The 
timing of the procurement, scheduled was also greatly improved. In 
FY75, the four governing boards of higher education adopted common 
purchasing pA>cedures developed under the auspices of lEC. Amended 
resolutions providing for a further commitment to collective'purchasing 
were adopted by the four governing boards during July, 1976. 

3.5 Computer Services Advisory Council 

' The directors of computer centers that provide serviced sponsored 
^imarily from state appropriations to the thirteen Illinois state uni- 

' versity campuses have vduntarily formed an advisory council to the 
Corisontium's president. Ampng the current activities of the a<lvisory 
counCfl is the development of a Director^ of Computer Services. Mem>^ 
bers of the advisory council agree that some identifiable body c?f s>6rv 
ddrds and practice, designed to help an institution determine its actual 
computing heeds and prcasure the capability oft its present resources, 
would be of significant value to bothuniversity/ifficers anc^ computing 
center, managers. It is also recongjzed that adequate, knowledge of 
existing facilities and conditions of operation is an essenti.al prerequisite*! 
for any effdrt at coordination or plannirug. By taking the^ initiative to 
develop an appropriate reporting system, the Council hopes to* prevent 
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tN application of arbitrary ad hoc standards by persons unfamiliar vyith 
th^pv^rements of computing in an academic environment. To sup- 
ppt these objectives, the advisory council will develop an apptopriate 
f|k of questions facing academic computing administrators, conduct 
studies at the state supported universities, and compile the results into^a 
Directory of domputer Services. T^^is standard reference document 
Which will cover a broad range of subjects, from institutional mission td 
equipment configuration,«will be updated periodically The current 
configuration of state funded computer systems at the state universities 
that Will be included in the 0 i rectory *is shown in Figure 1. 
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FJGURE 1. lEC Member Universities Computer Configuration 
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TiTMid-lliinois Comput^rCobperative (MICC) ' , 

Mice (Mid-lllirloisXomputer Cooperative) is a cooperative activity . 
oBcfating under the auspices of I EC sporisored through a Higher Educa- 
tion. Seven of lEC's thirteen employees are MICC staff, MICG initially 
provided remote time sharing computer services for instruction and 
research programs,at five state universities (Sfifi^iQure 2). In February 
1975, MICC began providing services from a Control Data CybeK Tl 
computer system located at Southej/i Illinois Universlty-Edwardsville, 
FY76 was the first full academic year in which the system was oper- 
ated. Monthly system use was dqubled compared to the first semester 
of operation in FY75. Southern Illinois University-Carbondile became 
^Ihe sixth member of MICC in September, 1976, Governors State 



ine SIXXn incinucr .w.»ww ... » , • n 

University, Chicago State University, •and Northeastern Illinois Univer-,. 
sity-will join MICC early in 1977 (the administrative conriputing require- 
menu of these three universities are supported by the Cooperative 
'Computer Center). Continued growth In service offerings to current 
and new members is expepted (See Figure 2). 

Mice was established on the premise that certain types of computer, 
services, such as 'interactive timesharing and fast turnaround batch pro- 
cessing could be provided most effectively and economically to several 
universities on a cooperative basis. Although the technical feasibility of 
a computer network of /his type had been previously established,'^ere 
were Brganizational anrf admmistrative problems to be overcome. If waSo 
decided that these problems could be best solved if direct, centralized 
funding of the net\(vork VN^as provided during the first crucial years of 

operation. ' ^ • • * , ^. 

The sfbnificance of "Cooperative" in the title of MICC signals the 
'^he significance of the organizational ahd administrative problems to be 
overcome. First, the MICC is a non-legal entity and all actions such a? 
- hiring p^rsonnel 'and contracting for ''hardware are handled by lEC. 
Second, since the member institution^ furnish the campus user coor- 
dinators the MICC Network Managed must w^ofk with a major per- 
sonnel resource oVer v«hicf he has little direct control. Thirdly, none of 
the member institution^ fere forced tb join.^fnhey can satisfy their 
users- locally, they rway withdraw fr^m^the cooperative. The members 
generally agree to the concept'of economy of-scale an4 therefore have 
accepted the responsibility of retailing computing resources to educa- 
tional institutions in their marketing area; there are over 100 higher 
education Hnstitutions in Illinois. Lastfy, the members g^erally agree 
that t>ie success of the cooperative wilfbe based on the richness of soft- 
ware/courseware available and they have .initiated cooperative soffware 
sharing efforts, lo fafct,'the first MICC User Conference was held three 
months prior to delivery of the hardware. 
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* Potential Member^, 



I ^ » Board, of Governors 
'^—'^ Bastern Illinois University 
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^ Sa*ngarhot State University 



•^^^^ » Southern Illinois University Board : • 



Southern MIrnois University — EdwardsviJIe : 
FIGURE 2. Mice Member .and PotentialMembers 1976 
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Each state <jniyersitV that elects to join MICC makes substantial 
^ tontrlbutions to this prdgram. One or two staff members from each 
university serve as representatives on the MICC Operating Board, the 
governing and policy making-Dody' for the Cooperative (Figure 3). 
In addition, each school provides released time for a'professional stdff 
• member to act ai interface between MICC and'computer users on the " 
local campus. Physical facHities for the MICC operatipn are provided by " 
SlU-Edwardsifil/e. Several of the member mstitutions have also elected 
. to purchase computer services from MICC in addition to the basic level 

• of support"*' which is currently provided without charge. • 

^ The program is supported over a 3 1/2 year period of direct funding 
JO.-IEC (Janua'ry, 1975;through June. 1978), Supplemental allocations^ 
will be provided to member univer'sitites for. FY 1978-79 to allovy them 
to continue^receiving the basic*level'*,of computer services and purchase . 
additional services through a contractual arrangemerit with lEQ. The 
3 172 year period of centralized funding is intendecl to 3llow J\/IICC. and 
its members urxiversities, to reach a level of stability sufficient to con- ' ' 
' tinue to serve its members. To reach such a level of stability. MlCC 
must pursue'-three major areas of development: *^ 
[ • Operational maturity af the Cooperative in mechanical, technical' 
and procedural activities.* " * , 

• Maturity of the member institutions, i.e.. 1) informing users* 
about the resources available and igcorfiorating the use of these 
resources into user academic programs, and 2) developing a 
management philosophy regarding the use of locally controlled 
and remote shared resources. 

• Maturity of management and administrative policies and-proce- 
dures necessary to allovy for smooth operation of the Cooperative 
aftef'the. termination of centralized funding. ' 

. .PrerequisUe to the success of MICG4s the establishment of an organ-- - 
izational structure that deals with a dynamic evolution of technology to 
sfjpport cost-effective computer services. The optimum method of pro- 
viding a full range of computational support for veral institutions is 
a mixture of distributed and centralized facilities (See Figure 4). Opera- 
tions best handled locally will be provided by individual institutions. 
Operations in which significant economtes of scale can be realized will 
be centralized with costs shared by several schools. When institutions 

• provide specialized services not available at other member institutions 

The "basic level" of support is defined as the access and use of system re- 
sources through seven Asynchronous and one synchronous ports and'the cen^ 
trat staff support for the maintenance of the network and the impfementation 
and coordination of software. 
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"and of a nature not to be efficiently, centrajized; those seiuices will be 
made.available to the other members through the MICC netO^ork. 
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FIGURt 4^Profile of MICC Member Universities 



The primary objective of MiCC is to provide cost-effective time 
sharing computer services to educational, institutions. MICC V^o^^^es 
rel.at^le time sharing computer hardware and system resources. MICC 
cOordif>ates the development ' and implementation of application soft- 
ware packages by individual institutions t6 be shared by all user institu- 
tions Detailed cost accounting and resource utilisation systems are 
being refined to aid ^^he determination of cost effectiveness and system 
efficiency for the delivery of services. MICC's success vvill be measured 
by the extent to which cost^s of operations are recovered by charges to 
users' and by the level of incorporation of MICC services into user 
academic programs. Figure 5 and 6 illustrate user participation in MICC 
in 1976. . » . . . , 
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Multi-server Cobperatt^^: 
The ARJ>ANET JExperience 



1.0 THE ARPANET AT MIT 



The ARPy^NET (Advanced Research Projects Apency NETwork) is 
by ^any measure, a success of. theCfirst order at MIT. This paper deals 

- ■ '''-^oc'.'''''^ ^'^ P'^^^'"' '° Information Proceising 
• Services (IPSt user community at MIT; r.ather than, the technical 
aspects of ho^ the ARPANET works. Whereas the ARPANET has been- 
in operation at MIT for more than fiveyears, the author has 'only been 
mvolved with it for ,the past t^o-years. He must admit to an adolescent 
infatuation with'the^XflPANET: he is a^ impressed today as he was two 
years ago each time ^,e sits down at a terrriinal in Cambridge, Massachu- 
setts, and logs in to a computer irt Cambridge, England or when he 
consu ts with a user from Lawrence Livermore Laboratory who is using 
MIT Multics over the ARPANET. , 

Until recently the Laboratory for Computer Science (LCS) at MIT 
formerly Project MAC, acted as the primary' interface for all users of 
the ARPANET at MIT. That responsibility now'belongs to the User 
Services staff at the IPS. Responsibility was transferred to'lPS for two 
reasons: first to allow the personry^ at LCS to doncentrate on resea'rch 
projects Mther than the everyday problems faced by most users- and 
second, 10 offer more immediate service to ❖RPANET users who need' 
help or who have questions about how to use the ARPANET After all 
the primary function of a user services staff is to know what is avail- 
able where it it; and how it should be used. ' 
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The areas to he discussed in this paper are : ■ 
. aseJ^/c.s..hatJf anv;ur,"ipueprob,^ 

.. 7rZy of information, how private is the-ir,forr.atit,r, users 
' . entrust-to the ARPANET; 

■ h-nancial Arrangements, there is no such th.ng as a f ree lunch. ^ 
2 0 USERSEBVfCES . ' ; 

^,l,h of information a.ailab . f^"' „,o,ocols look 
„a„ is a,3ilabl. '•''•'"'f ' J p.obten, aris.,, etc. 

- use of particular sites on.the ARPANET. 

A, thP too of the user support structure is the Network Information 

ARPANET n support ot^tne AnrMiMti . , ■ ^ . 

. put;;^ 'es arnong other documents of a more technical nature 
' . THE ARPANET DIRECTORY, a directory. of users and s.tes on 
the ARPANET . . , , ' . 

. n'iCNOTES. inforA^al newsnotes which are distributed-on-hne by 
W mC to the Liaison and other interestea personnel. . 

. ,n addition to the P-.-ca-s supplied^^^^^^^^^ 

online reference files '"^'"^^'"^^.^J' 'ese .T.linefites is a version of 
ARPANET users, THe most^us^^^^ ^^^^^^^ 

the Resource Handbook av'-lal^'e^"^" 9 ^formation is con- 

r,f'rrSA«ET"o;™"« r-al, as ,n ... 



tained i 
Hand^k 



Liaison Officer and. as such to accept re m 

updated on the ^^d-e ^Ve^'Jaison is ^.sp 

personnel-, changes that affect tne « ^ 
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expected to keep lcx:al users Informed of network^related matters. Since 
Liaisons are the chief source of Information about the ARPANET, they 
repfresent a very valuable network resource. 

Obviously, the NIC has-done jts best to see to it that the users of the 
ARPANET ^re provided with the best support possible. The quality of 
support offered at any particular site depends upon the Liaison and 
manag^ent«t that site. 

MIT offers exceptional user support to all of its users, and 
ARPANET users are no exception. The Multics system has a variety of 
online user aids: a complete online facility for the retrieval of all source 
code for any non-proprietary pr^m installed on the system; an 
online HELP facility, which dtscribJs the over, 400 commands and Lb- 
routines available on Multics; and an ^online consultant. The online 
consultant is a \Tiember of the IPS technical staff who is available to 
answer questions for at least six (6) hours a day. Usually, someone is 
signed on as'consultant 1 2 to 15 hours per day. 

The. online consultant h prepared to answer questions from novice 
users as well as the most sophisticated user of the system. In addition 
to the online consulting facility, there is an online trouble reporting 
system for reporting bugs found in programs installed on the'system. 
System bugs are usually fixed or new code supplied for compiler prob- 
lems within 24 to 4B hours. There is also an online graffitti file avail- 
able for the airing of gripes, general inquiries about software that might 
be available in a private library, etc. 

Network users do not ^ose any unique problems to User Services at 
MIT. The network users' question are generally no different from those 
posed^by any other user. However, there are some areas that can cause- 
problems. Although 'ser services personnel can tell netw6Vk users 
vwhefe to find something on .the ARPANET, they cannot usually give 
instructions oh how to use the particular package or how to use the 
host operating system. With so many operating systems available on the 
ARPAMET, -it is about impossible for one user consultant to be familiar 
with all of them; never mind the specific intricacies at any particular 
site. Figures 1, lists the sites on the ARPANET as of July 1976. Infor- 
mation , on each site computer system is often available at the NIC or 
through the site Liaison. ' . 

A user problem particular to MI-T is location of the TIP (Terminal 
Interface Processor) quite a dista/ice from the (computer center. Because 
of the distance. Liaison access to the TIP log of users who have been 
denied access is rather inconvenient. ' 
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FIGURE 1. Computer Systems on ARPANET, July 1976 



298 



THE ARPANET ^PERIENCE 299 



360/44* 

•360/67. 
360/91. 
360/195 
370/ 158* 
;370/J68. 
, 370/195- 



• USC-PS . USC-S»4 



TSS/360 

OS-MVT 

OS-MVT 

OS - MVT 

VM-370 

OS-MVT 



AMeS-67 

UCLA-CCN 

LONDON 

RANO-^BCC 

LL ^ 

ANL 



H!0NCS8ERC vaaperfabrikk 

SIGNAL PROCESSING SYSTEMS 

SPS-41 DOS BBN-SPEECH 



SPS- 41* DOS 
SPS-41 DOS 
SPS-41 DOS 

SPS-41 . 

UNIVAC 
1 108 



VARIAN- ASSOCiATtS 
73. 



' iSi- GPEtCHi 1 
LL- 1 1 
SRI- NSC 1 1 
SU-Ai 



NUC-SECURE 



XEROX Gf)RP. 
MAXC 



TENEX 



ANL 



PARC -MAXC 



POP- 10. Kl DEC 10/bO N8S-10 
POP- 10. KJ DEC 10/50 RUTGERS- 10 
POP- ID. KA DEC 10/5D SU-A( 
POP- 10. KL DEC ID/80 SU-Ai 
■ POP- 10 KL DEC 10/80 DEC 

■POP- ID KL DEC 20/4D DEC 



POP- 10. 

PDP- ID. 

POP- 10. 

PDP- 10. 

PDP- 10. 

PDP- 10. 

PDP- 10. 

PDP- 10. 

PDB- )D., 
PDP- 10. 
POP - 1.0. 
PDP - \0 
PDP- 10. 
PDP- ^0 
PDP- 10 
PDP 10 



KA ITS 
KA ITS 

KL ITS 
KA ITS 
KA lENEX 
KA TtNCx 
KA TFNEX 
KA TfNEX 
KA TENfX 
KA TtN£x 
Kl TENfX 
Kl TL-^JCX 
KA T/NLx 
KA TfNLX 
KA TLNtX 
Kl Tt.Nrx 



PDP-?0- Kl ^tNlX 
PDP ICJ. It N^x 

PDP- 10- Kl :t^f■x 

PDP- 10- KA \ \ftX 
PDP- 10. KA NC* 
PDP -II. 

POP 1 u 

PDP- 1 1 • ^Lf" 

PDP.-1U tir 



MIT-AJ_ 

MIT-DMS 

MIT-MC 

MIT-ML * 

BBN-TENEX 

BBN-TETNLXA 

BBN-T£NE:x3 

BBN-TENEXD 

BBN-TENLXL 

cca-tlnetx 
i4-i£ne:x 

'l4B -TEN^X 

, orrjcE - 1 

MOrrfTT -ARC 
SRI Ai 
SUMLX-AI^ 

use- ft 1 

use iSi 

use iSifj 
usc-is:e 

uSC--iS;D 

HAWAII - Ai,O^^A 

NCSL ' , 

NSA 



23 

16 
65 
42 

7 

10 
5b 



Princ^pbl. Limilecj'' 
SERVER 

Princlpol. SERVER 
Principol. SERVER 
Principot. SERVER 
Principal. SERVER 
Princlpol. SERVER 
Pnnclpol. SERVER 



105 Princlpol. USER 



50 Speech Processor 
22 Speech Processor 

202 Speech Processor 

51 Speech Processor 
' 1 Speech Processor 



Prlncipoi. USER 
Up Winter 76 



55 ^Communlcot ons* COnt'oHer 



32 

19 
46 

1 1 
1 1 

137 

137 

1 J4 
70 
236 
198 
'24 1 
197 
49 

I'm 

5 
31 
15 
MJ 
4J 
4b 
^ 66 
b6 

2 lb 
86 
244 
150 
214 
100 

14 J 
1 1 / 
57 



Princlpol. LIrn.ted 

SERVER . 
Prinbipoi. SERVER 
Principol, SERVER 
Principal. Limited SERVER 
Principal. Limited SERVER 
Principol. USER 

Up Foil 76 
Princlpol, USER 

Up Foil 76 
Princlpol. Lirnited SERVER 
Principol. SERVER 
Princlpol. Limited SERVFR 
Princlpol, Limited SERVEP 
Principol, SERVER 
Principol. ^mited SERVER 
Pnnc.pol. SERVER 
P'Inclpot. l.mited SFRVtR 
Princlpol, Limited SERVL^? 
Principol. SERVER 
Princlpol. SCRVER 
Principal, li-n-ted SCRV:R 
Principal. SERVER 
Principal, Lim,led Sf^v'E?^ 
Principol. L'mlled Sf '^Vf'^ 
Prtncipcjl. SE RVER 
DuOl proCfSSO'S 
Principol. SERVER 
Pnnc.pol. St RVE R 
Pr.rcipol. L.n-.Jed SlRvE'^* 
Prrncipal, SERVER 
Princlpol. SERVER 
Communicot.ons con'ro'ier 

Up W-nter /6 ^ 
Commun.cal or^S COr^trol'ef 
Terminol concentrolor 
Terminol COnceni/Qtor 



FIGURE 1. (contd.) 
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Support of the network software is excellent at MIT. The biggest 
prpblem facing User Services at MIT, and probably everywhere else on 
the net, is the lack of clear documentation and general support from 
the yarigus network Sites. User support is^ not as complete at all 
ARPANET S(tes as'it is at MIT. The solution to this problem lies with 
the local Liatsons and local users. Since a local organization is apt to be 
more responsive to the heeds (>f loca< users, there ^ould be consider 
ably more interactioh between Liaisons than there is at present. The^ 
ARPANET us«r cbi^'munity should put. more pressure on their local 
Liaiso^H^to epsure that their support needs are'^being met. ^ 

.4- 

3.0 SECURITY OF INFORMATION ON THE ARPANET 

How secure is the information that a user entrusts to the 
ARPANET? Security often <iepends upon the host: The communica- 
tions subnet will ensure that messages are deliyered to the prgper host, 
and the; non-deterministic routing of the individual packets provides 
some degree of security to the subnet. At that point it is the responsi- 
bility of the host to insure delivery to the proper user. File security is 
the exclusive responsibility of the iadividual hosts. 

MULTICS is probably the. most secure computer system on the net- 
work. In MULTICS all information is owned 'exclusively by its author,, 
and the author must determine whether anyone else can have access to 
th* information. Access to infformation can be gained only ysthft^ the - 
author explicitly allows Besides providing a securitV sv^tem that 
limits access to information stored on it, MULTICS offers a compjete 
backup and retrieval system to its users, Data on MULTICS is automat- 
ically backed up on a regular hourly, daily and weekly basis. Any 
information that has resided on the system for three consecutiV^ hours 
will probably make it to one of the backup tapes and be available for 
retrieval for at least three (3) months and fpr as lone as (12) months, 

4,0 FU^ANCIAL ARRANGEMENTS REQUIRED FOR 
' ARPANET PARTICIfy^lON 

Membership in the ARPANET requires an initial investment of 
$40,000 to $100,000 with annual charges in the area of $20,000 to 
' $35',00Q for maintenance and additional ARPANET privledges. How- 
ever, that rather high fee gives an institution and its user community ac- 
cess'to a wide variety of ynique resources:, the ILLlAC IV for lar^e, 
Amounts of matrix" arithmetic and array processing; the interactive 
graphiA at the University of Utah; the MULTICS system,; the 
MACSYMA system at the Afticifical Intelligence Laboratory at MIT, 
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etc. A need,-*v of these unique resources can provide as significant 
amount of justification for ARPA membership. 

' The ARPANET has been a success at MIT; a number of users come 
in to use MIT facilities, and a number of users go out to use other 
facilities on the net. As users come and go from around the world on a 
daily basis, use is steadily growing. 
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APPENDIX D 
- Av^ailable Programs at 
Massachusetts General Hospital 



Programs that uta a MULTIPLE 
Arrhythmiai 

code: ARB 



CHOICE format: 
1. 



Cardibpolmonary Resuscitation 



code : CPR 



Hypertensive Emergencies 



code; HYP 



Hypertension management 



code: HTM 



idiopathic Respiratory Distress 
in the Newborn 



3. 

4. 
1. 

2. 

3. 
4. 

1. 

2. 
3. 
4. 



Simulates pinients with variety of 
common rhythm duturbances; task is 
to diagnose and ^nage arrhythmia. 
Target pop: mad students in clinical 
yrs; physician continuing education; 
nurses in ICU's. 

Avg time to complete 1 sequence is 
20min. 

Four "patients" in^se file. 

Simulates patient who may have 
suffered cardiac arrest; task is to 
resuscitate patient. 

Target pop: med students in clinical 
years; physician continuing education; 
nurses in ICU? 

Avg. time to complete 1 sequencers 
ISmin. 

Five "patients" in case file; subsequent 
cases vary randomly 

Simulates patient with sever hyper- 
tension; task is to evaluate and treat 
patient. 

Target pop; med students in clinical 
years; physician continuing education. 

Avg time to complete 1 sequence is 
t5min. 

Three "patients" in case file; subse- 
quent cases vary randomly 



1. Simulates patient with hypertension; 
task is to manage patient. 

2. Target pop: med students in clinical 
physician continuing education 

3. Avg time to complete 1 sequence is 
I5min. i 

4. Four "patients^' in case file (several 
. new cases being prepared) 

1. Presents leases and information on 
general nebnatology and RDS and on 
pulmonary physiology 
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code: RDS 



2. Target pop: all students of the neor>ate . 

3. Av9 time to complete 1 sequence is 

' 15 min, . . . ' 

4. 18 "patients" in case files 



Proflrsfm which use e VOCABULARY: 



Abdonntnal pain 



code: ABD 



Corna^ 



code: COM 



GIBIeed 



code: GIB 



Pediatric Cough and Fever 



code: PCF . 



Trauma . 



2. 

3. 

4, 
K 

3. 

■ 4.'\ 
1. 

2. 
3. 

4. 

1, 



Simulates patient with chief , com- ^ 
plairxt of abdominal pain; task is to 
diagnose complaint 

Target pop: med students in clinical 
years and beyond 

Avg time to'^ complete 1~seqirence- is - 
20min. 

Eight "patients" in case files 

Simulates comatose patient; task is 
to diagnose and treat cause of consa 
Target pop: med students in clinical 
years; physician continuing education 
Avg time to cbmplete 1 sequence is* 
25 min. 

Thirty-three "patients" in case files 

Simulates patient v^ith Gl bleeding; 
task is to diagnose and manage cause 
of bleeding 

Target pop:. med students in clinical 
years and beyond 

Avg time to complete 1 sequence is 
20 min. 

Fourteen "patients" in case files 

Simulates child vwith cough and fever; 
task is to diagnose cause of complaint 
Target pop: med students in clinical 
years and beyond 

Avg time to complete 1 sequence is 
20 min. 

Forty-five»"patients" in case files 



3. 

4. 
1. 



code: TRA 



2. 



Sirnulates patient vwho has sustained, 
multi-system trauma; task is to identify 
and treat immediate critical problems 
Target pop: med students in Clinical 
years 
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jBundice 



code: JAU 



Joint Pain 



code: JOI 



. Hypertension Diagnosis 



coder^BP 



4 

1. 

2. 

3. 

4. 
1. 

2 

3. 
4. 

2. 
3. 



time to complete 1 sequence is 

Seven\" patients" in case files^ 

PresentI case, history of patient with 
jaundice^ task is to determine cause of 



jaundice^ ta 
jaundicia \ 

Target pot 
clinical year; 



stqdents, prior to 



Avg time tOycon^plete 1 sequence is 
25 rr^n. 

Six "patients" \i ca^ file ^ 

Simulates patiertt vSith * acute joint 
pain; task is to d>agno!w cause of the 
joint pain and begiiVtreatcnent 
^ Target pop: med sOjdentt in clinical 
; yrs. physician contifJuingVeducatiOn 

Avg tinrie to completeV)ne case is 25 

min^ . \ \ 

A 

Twenty "patients" in case\iles \^ - 

Simulates patient with n^ly diag- 
nosed hypertention. 

Target pop> med students inVlinical 
years, physician continuing education 

Avg time to complete^ one case is 

25 min. 



4. Ten "patients" in case files * 



Programs which accept NATURAL LANGUAGE input: 



Diabetic Ketoacidosis 



code: DKA 



Experimental Trauma Case 



code: TRE 



1. Simulates patient in diabetic coma; 
task is to manage "patient's" condition 
until stabilized 

2. Target pop: med students in clinical 
years; physician continuing education 

3. Avg time to complete 1 sequence is 
25 min. 

4. Initial pt conditions* set; course 
^depends on user's mariagement 

1. Simulates patient with multi-system 
trauma; task is to diagnose and manage 
immediate problems 

2. . Target pop: med students in clinical 

years; physician continuing education 
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3. Avg time to complete case is 30, min. 

4. One "patient" in case files 



Other progfams: 
Cardiac Simulation 

.code":CSM . 



Digoxin Dosage Advisor t^.. 



code: DIG 



Drugs in Renal Failure 



code: DRF 



Anticoagulant Simulator 
code: AC^ 



1 . Simulates cardiovascular system. 

2. Target pop: students of cardiovascular 
physiologv. 

3.. Avg, time to cortt{)lete 1 sequence is 
25 minutes, 

4. User changes cardiac variables by 
entering new valves. . 

V. Computer suggests ^a-vreasonable dose 
of digoxin to administer based on 
patieat data. 

2. Target pop: pharmacists; med students 
- in clinical years; physician continuing 

education. 

3. Avg. time to complete 1 sequence is- 
lOmin. 

4. User enters values for patient variables, 

1. Comptjter advises user on administra^ 
tion of drugs to patient witt^ impaired 
l-enal Or hepatic function. 

2. Target pop: med students in clinical 
years; pharmacist, physician continuing 
education. 

3. Avg. time to complete V sequence is 
10 minutes. 

- 4. User enters values for patient variable^. 

1. Simulates patient taking anticoagulant; 
task is to keep prothrombin time in 

^ therapeutic range. 

2. Target pop: rned students (2nd 
through 4th years). 

3. Avg. time to complete 1 sequence is 
10 minutes. ' 

4. User enters dosage of anticoagulant to 
be given for each day. 
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Digitalis Taaching Program 
■ Code: DTP 



Lab Test 



Simulator Program 
Code: LAB 



NEW PROGRAMS 

(1/75) 



2. 
3. 



2. 
3. 



Presents informatibn on digitalis, and 
^ questions users' retention and under- 
standing of this informatibn. 

Target pop: Med students in clinical 
years; physician continuing education 
Average time to complete entire 
program i$. 1-2 hours, but it is designed 
to be taken in sections which take 
15-20 minutes to complete. 

Give patients . history and physical 
exam information; user orders lab tests 
toward diagnosing the cause/causes of 
the patient's symptoms. ■ 

Target pop: Medical students in clinical 
years; physician continuing education. 

Average time to compl/te 1 sequence 
is 30 minutes. 



4. Two "patients*' in case files. 
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CAI Courses — 
Subject Listing 



THIS INDEX Lists ALL OHIO STATE UNIVERSITY COLLEGE OF 
SS'^^^'^' COURSES (RELEASABLE AND RESTRICTED) 
OF P '^CU^RENTLY OPERATIONAL. (REPRODUCTKjf' 



TOFIC 



ASBREVIATIONS 
ABDtMFN, ANATOMY OF 
ACETONE* TESTING FOR 
ACID-BASE QALANCE 



ANATOMY 

ABOONEN 



a29^RI 
BAU 
BONES 
BKAIN 



OR ABDOMINAL' HALL 



CARDIOVASCULAR SYSTEM 

DIGESTIVE TRACT 

ELBOW 

ANTEBRACHIUM 
BONE LANDMARKS 
BRACHfUM / " 
^ VASCULAR SUPPLY 
VEINS 

ENDOCRINE SYSTEM 

ENDOTRACHEAL INTUBATION 
FXTRfMITlFS 
LOWER 



UPPER 



EYE 

GENITAL 
GLUTEAL RfGION 
HAM) - 
NEAO 

HEART « 
HIP 

INTESTINE 



CAI COURSE 



(SK ?l 
ISEC Dl < 



D) 
Dl 



A6BREV 

GANATl 

PAMADI 

ABEL 

ACIBA 

PCHEMI 

SERAB 



A BANG 

GMATI ISCC ?| 
LOWEX 131 
GANATl III 
GANAT^I IBI 
DIETAN ICI 
VESAL1 ICI 
SITIN 

tilETAN IHI 
CCNUR III 
DIETAN IC C 
ELBOW 

ELBOW IC C 
ELBOW lAI 
ELBOW IBI 
ELBOW IE I 
VflNS lAI 
DIETAN III 
CNOp 

mUBE IBI 

GANATl ^61 
VFSALI IBI 
LOWEX ^ 
DIETAN IB) 
GANATl 171 
VtSALI IA| 
ELBOW 
HANAT 

niETAN 161. 
GANATl 1101 
OPMTHA ■ 
SFXEP 
GANATl 
HANAT 
CA*IAri , . 
CdNUR 11) 
feOWEX 111 
DIETAN IF) 



Ul 
191 
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4 



MPRvnuS SYSTF»< ' 

M6»(pn ^ 
P6I.VIC. CLl^»K.&l. exA- 

SPINAL tnRO 
T Hnq A X 
AMESTHEllCS 

ANr»ior»<&PMv 

ANKI E, ANATOMY RP 
ftPDFMOlX. n*iS64SF^ HP 
AHRMYTMMUS 

M64QT Hi.nc< 



■ 



n|CP?;Ti»'P 'ivSTP" 



PII.HT 

r,&MAT\ I*') ^ 

of^T&N ( n 
^FiiRn 

G&NaTl (<»» 
SKULL. 
VFS&LI tC» 

. G&^*&Tl (3) 
VFI^»S (A) 

Ln»<Fx 

. STBlPS 
STRIPS (f-l 
VFNTi«. STBlP'i M) 

mtaniiT 
qPulFw 

VFI^'S ^ ^' 

MRPMF 

SIGN'S (ni 

r.a^F I ■ 
r.iSP 7 

a6sr»)F J 

RESTHP 
PiCiHF 
STRIPl < 
STRIPS 
STROKi 

V6 INS 

uFNTiQ * 
PILOT l«) 

rvTPQM 
n I P T fl M I ^ » 
Bin in 
oinTPr 

oOTTlp ^ 

PIi.nT I'^U 
S<"i,L 
.jiinr 
H in T i-i 

pa Mini ' / 

QiriTPr. .. ' 

npPMP 
MR&L 
UP IMi; • 
TmPRm 

Ffinns 

4I;TR4C 

0 1 PTa'v' 
Fonns 

Ml itRO 
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PvnnTR4r,wp >|sjTii»*'vt ! nx* 
'BIQ^TAtn ' 



H I <;Tni_i ir,v • * 



OHASP4 

.niiAlL*; " • 

9Anin 

Qer. (pB . 
Of-u I Pg 
pBns 7 

A-TwB PPTili; K'C^miQfct 

R-rnkjr.PMiTAi. npppr.T<i 
C-nPvei^npMBMT M. ni^nQDPR^ 
n-n!snqnpos op MniQiTinfc- amp 

f -ACT I npMT S ('TP 4 MIT pn I SH v^ ) 

• p-f'.i.'^'B^S fi»'n TH? TMp n 

Ar.FNT • . ■ 

P^v»*en 

n«pA iM 
pmaqma 
TnnTMfl 

TQPTPA 
STQIPl 

r.AWAT? (^^ ' 

ca<;b s , ■ . 

CASB S 

PILOT 

^-.Afin-RA^P ■*e(;M/v.>iiQ,v5 * 
njcjAM ( 1, ) ' 

BMOn 
I^^Tll^*B 

P U.nT ( H ( 4 ) J 
n^le<^ fn , 
P M.nT ( c ) ■ 
P p.OT f 

-4_c QfiPMnn^s 

r-jMc SMf^i.i. »ns"Ft. , vii.''^If*-P5T lO'*' 

\^>n vfti^a^oQPT ipM 
n-THP rriLriM 

r. A \t 4 T ? ( it ) 

PH.HT (<) ; 

P IL'-IT. f 

Pti.nT (n» ^ 

A_Me;/nni (IP |M "A/^Kj j t^eji T P L L 
, rt-r r,i It .u I niki 4 MO f4i ,1 1 \,r» ») i q_ 
iiQiiPct; 

r-:tvejjM;> ei,cwp><ni nwAMnt^itr vice » 

p_ ( l^lnMPM4 TOLIir.v 
HtSTl 
TO fin*; 
ra'iB 4 

A-^^'VSIC f.nM"; fOB«4T tOMS in • 

K,_r>BMI1THPQ4PV • ff-MHW J Z a T I.ftM ? 
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